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Oil production is a deceptive process. The only earmark of 
the operation is a field of pumps or wellheads seemingly iso- 
lated from the world, running smoothly, quietly, and without 
faltering. But the heart of the operation is in the under- 
ground reservoir. Here tremendous natural pressures force 
the oil to the surface; here pumps are operated by a string of 
slender rods sometimes thousands of feet long; and here oil- 
men create floods, fires, and explosions in their effort to re- 
cover the last possible residue of oil from the ground. 

The United States has been blessed with a rich supply of 
oil; with but six percent of the world’s land surface, this 
country has produced almost 60 percent of the total world 
output, and today claims about 45 percent of the world’s 
yearly production. 

The calculated reserves of the United States stand at 
about 30 billion barrels, but 1957 production totaled over 
two and one half billion barrels of oil. With increased mech- 
anization, this production figure will rise steadily. New de- 
posits are being found constantly; but to insure an adequate 
supply, oilmen are trying to recover more and more oil from 
each reservoir, with new and improved techniques. 

Oil production was anything but an exacting process when 
the first fields were opened near Titusville, Pennsylvania. 
Because most of these wells were either gushers or prolific 
producers, the biggest problem was storing the oil. In 1861, 
the Empire well so surprised oilmen with its 3000 barrels a 
day that they were caught flat-footed for a place to store the 
oil. Dams were frantically thrown up to catch the oil before 
it overflowed into nearby Oil Creek. All wells after this inci- 
dent were surrounded by timber-cribbed pits. Despite these 
precautions, many prospectors got their initial stake by bot- 
tling and selling the overflow from these wells. 

Early wells were produced as fast as possible and aban- 
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doned as soon as they failed to respond to the pump, leaving 
vast amounts of oil in the ground never to be recovered. But 
after the heydays of Titusville and Spindletop in Texas, ex- 
ploration and drilling costs increased rapidly. Oilmen soon 
realized the necessity for more scientific techniques. 


Many wells just brought in are flush or naturally producing 
wells. Here high-pressure gas or water in the reservoir drives 
the oil to the surface (see next page). Large quantities of dis- 
solved gas (dissolved gas drive) bring the oil to the surface 
much like the dissolved carbonation in a soft drink bubbles 
up and overflows a bottle. A body of gas at the top of the 
reservoir (gas-cap drive) exerts a downward pressure on the 
oil, forcing it up the well bore. And large quantities of water 
lying below or around the oil reservoir (water drive) force 
the oil up the well and to the surface. 

Because the flush well is the most economical producer of 
oil, the petroleum engineer tries to sustain these reservoir 
pressures as long as possible. By controlling the production 
rate witha Chrisimas tree (set of valves resembling a Christmas 
tree), reservoir pressures can sometimes be maintained (see 
page 133). The pressure in the reservoir is reduced as oil is 
drawn off, but the overall underground pressures equalize 
this if oil is withdrawn slowly. Often pressure can be main- 
tained only by pumping the water or gas back into the 
reservoir through input or service wells surrounding the pro- 
duction well. The pressure still decreases, but more slowly. 

Also, if the production rate is too fast, much of the oil is 
bypassed or channeled in the reservoir, never to be recovered. 
For this reason, oil companies put stringent restrictions on 
oil-production rates, and most oil-producing states have leg- 
islation preventing rapid recovery. The production rate is 
determined from the size of the reservoir and its physical 
characteristics, such as porosity and permeability. The vis- 
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cosity of the oil is also a determining factor; the lower the 
viscosity the faster the oil can be produced. 


When the underground pressure can no longer force oil to 
the surface, the Christmas tree is removed and replaced with 
a pump or other artificial lift. In the beginning of 1957, 
487 500 out of the 554 700 wells in the country used some 
kind of artificial lift. There are a variety of artificial lift 
methods, each with its own advantages and limitations. 

High-Pressure Gas Lift—In early stages of forced produc- 
tion, high-pressure gas is sometimes injected into the bottom 
of the fluid column or at various points along it. The weight 
of oil is lessened by gas, and rising gas bubbles actually push 
the oil up the production tube. Gas can be introduced in many 
ways, but the principle is the same. However, it must be 
obtained from either neighboring fields still blessed with high- 
pressure gas, or from a gas-compressing station. 

Hydraulic-Piston Pump—A hydraulic pump can be used to 
advantage in an oil well. It can be driven by clean gas-free 
crude oil at high pressure. The driving oil is exhausted into 
the producing tubing and carried to the surface with the pro- 
duction oil. A number of these pumps can be run from a cen- 
tral pumping station. 

Electric-Centrifugal Pump—If large quantities of water and 
other fluids have to be pumped to the surface along with the 
petroleum, an electric centrifugal pump is sometimes attached 
to the bottom of the production tube. Three-phase power is 
carried down to the motor through oil-proof electric cables. 

Sucker-Rod Pumps—Sucker-rod pumps are the most com- 
mon type of artificial lift. The oil is pumped to the surface 
by a plunger pump at the bottom of the well. A long string of 
sucker rods connects the pump to a power source at the 
surface. The rods can be raised and lowered by a hydraulic 
or pneumatic lifting head, a walking beam, or a central power 
unit. The walking beam is the most common means (see 
page 131). One end of the walking beam is connected to the 
string and the other end to an engine or electric motor. Cen- 
tral power units can drive the sucker rods on a number of 
pumps simultaneously (see next page). The sucker rods on 
each well are operated by pumping jacks which are connected 
to an eccentric in the center of the field. As the eccentric 
rotates, each well is operated, but out of phase with the 
others to evenly distribute the load. 

Sucker-rod pumping, while it appears to be a straight- 
forward way of bringing oil to the surface, presents some 
unique problems. The sucker-rod string sometimes reaches 
lengths of over two miles. At these distances, the string can be 
noticeably stretched by its own weight. And at certain fre- 
quencies, the walking beam or pumping jack may be operat- 
ing normally, but the plunger pump will not be moving, as the 
motion is completely absorbed by the rods themselves. 


A settled well that all but stops producing is a stripper well. 
In 1955 the nation had over 340000 marginal or stripper 
wells, averaging about 3.48 barrels a day, but producing only 
19 percent of all domestic crude oil. Because stripper wells 
are not big producers, the artificial lift must be chosen with 
care, since operating costs can claim a sizable portion of the 
oil revenues. 


Secondary recovery is used when the well stops producing 
oil, or when the well can no longer be produced economically 
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with an artificial lift. At this point the reservoir pressures are 
nearly exhausted, and the oil in the reservoir does not freely 
flow to the well. The many types of recovery methods all 
attempt to increase the flow of oil, some by increasing the 
pressure, by actually gathering and forcing the residual oil to 
the well, or by enlarging or making new passages in the 
formation. Because secondary recovery is a costly operation, 
the reservoir is first analyzed to determine whether enough oil 
can be recovered to justify the process. The characteristics of 
the reservoir, the type of oil being produced, and the cost of 
the facilities for carrying out the operation then dictate the 
recovery method. 

Water flooding is the most popular method of secondary 
recovery. Water is injected through service or input wells 
surrounding the production well, (see page 131). As the 
water fills up the reservoir, oil is pushed to the production 
well. The porosity of the reservoir stratum must be high so 
that the water can easily flow through the reservoir. Reser- 
voirs of limestone, for instance, are considered poor water 
flood prospects. Also the viscosity of the oil must be low. 

Water floods often produce 100 to 200 percent as much oil 
as primary recovery. But operating costs near the end of a 
water flood project usually run two to eight times the initial 
operating costs. Also great quantities of water are required. 
A sand reservoir 40 feet thick and 20 acres in area would 
require 8000 barrels a day for 10 injection wells. If water is 
not naturally available, wells must be drilled, and the well 
water usually must be treated to remove any chemicals or 
matter that might clog up the reservoir. 

Gas and air are sometimes pumped into the reservoir 
through input wells surrounding the production well. This 
high-pressure gas builds up the pressure in the reservoir and 
pushes the residual oil to the production well. The gas also 
picks up additional petroleum liquids, which can be ex- 
tracted at a processing plant. 

Injections of millions of cubic feet of gas are not uncommon 
today. Because a considerable amount of money would be 
lost if the gas escaped through leaks in the reservoir, methods 
are now being studied for injection of radioactive materials 
to detect reservoir leaks prior to a repressurization project. 

Nitroglycerin is sometimes exploded in reservoirs to loosen 
and clean out paraffin and other coagulated matter near the 
well bore, and to open up new fissures in the strata, increasing 
the flow of oil to the production tubing. A gunpowder- 
filled torpedo was first used in this type of recovery, but 
was soon supplanted by nitroglycerin, which proved to be 
effective, as well as spectacular. A well drilled only 400 feet 
south of the famous Phillips well in Pennsylvania turned out 
to be a dry hole. Oilmen, determined to make the well pro- 
duce, poured 60 quarts of nitroglycerin down the well. The 
only immediate effect was a slight rumble. As everyone was 
leaving the uneventful attempt, a great gusher deluged every- 
thing within 500 feet of the well. The well immediately pro- 
duced 8800 barrels of oil a day, but exhausted itself in a few 
months. Nitroglycerin explosions are still used today, but are 
carefully controlled. 

Hydraulic fracturing can also open up a tight formation. 
A jellied oil or acid, under high pressure, is forced down the 
well bore, opening cracks in the formation. Sand particles 
entrained in the jelly hold the cracks open, allowing a free 
flow of oil to the production tubing. 

Acidizing accomplishes the same purpose as fracturing, 
but by chemical means. Acid is injected into the production 
tubing, and the pump pressure forces it into the formation 
where it eats out portions of the strata, increasing the flow 
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of oil to the well. This process is used mainly in zones of 
limestone, dolomite, or sandstone containing a high percent- 
age of limestone. 

Bottom hole heating increases the flow of oil in paraffin- 
clogged or high-viscosity oil fields. In a new well, high pressure 
and temperature keep the paraffin in liquid form, but as the 
pressure and temperature decrease, the paraffin starts to 
solidify, blocking the pores in the reservoir and leaving de- 
posits in the production tubing. A long cylindrical heater is 
immersed in the oil below the bottom-well pump. The heater 
maintains the temperature above the melting point of 
paraffin, which depends upon the wax content of the oil, but 
usually is about 160 degrees F. 

In high-viscosity oil fields, usually of an asphalt base, 
the crude oil will not flow to the production tube even though 
the reservoir temperature may be as high as 130 degrees F. 
The heater is similarly placed below the pump, raising the 
temperature of the oil and consequently reducing its viscosity. 

Fire floods are being tried experimentally; here compressed 
air at high temperature is forced into the reservoir through 
injection wells. The oil in the immediate area of the injection 
well is actually set on fire. The heat of the fire reduces the 
viscosity of the oil, and the pressures produced force the less 
viscous oil to the production well. This method of recovery is 
especially adapted to high viscosity oil fields. 

Carbonated water has even been injected into reservoirs on 
an experimental basis. Carbon dioxide is very soluble in oil. 
The oil expands upon contact with carbonated water, taking 
up a greater volume of the reservoir. A water-flood project 
can then recover a greater percentage of oil from the reservoir. 

Water plugging is a new process that promises to recover 
more oil‘and eliminate the needless pumping of reservoir 
water to the surface. A slug of chemically treated crude is 
injected into the production well. Where the oil had pre- 
viously been scattered in droplet form, the injected crude 
wets the reservoir rock, so oil can more easily flow to the well. 
The slug of crude also pushes the reservoir water away from 
the production well. The water trying to return to the well 
after the operation is emulsified by the chemicals in the oil. 


In the early days of the industry, only 25 percent of the 
oil in each reservoir was thought recoverable, but through 
advancements and refinements of the production process, this 
figure has been increased to 80 percent. But even at this rate, 
of the 30 billion barrels of reserves, about 6 billion barrels 
will be left in the ground never to be recovered. Oil companies 
are trying to reduce this figure by a more thorough analysis 
of the reservoirs, experimentation to improve present re- 
covery techniques, and application of new recovery methods. 
However, these developments further increase the cost of pro- 
duction, which is already at a par with drilling costs. To offset 
this increase, oil companies are exploiting every possible 
means of reducing production costs. One of the most interest- 
ing is automatic lease operation (see left). On conventional 
leases, operators have to control each well in accordance 
with the pr. duction rate, conduct well-performance tests, 
and control and witness the transfer of oil to the waiting pipe- 
line. A great percentage of the operator’s time is spent just 
in traveling to and from the wells. On an automatic lease, 
these operations are performed automatically, allowing the 
operator to use his time more efficiently. 

Through such reductions of operating cost, and improve- 
ments in the production process, future demands for more oil 
will be met. Ls 





ELECTRIFICATION OF PETROLEUM PRODUCTION 


K. HOWELL 
Southwestern Engineering and Service Dept. 
Westinghouse Electric Corporation 
St. Louis, Missouri 


During the past 15 years an increasing percentage of the to- 
tal oil wells “going on the pump” have been driven by electric 
motors. The greater availability, dependability, and economy 
of electric power over other power sources has been the main 
reason for its increased use. But to obtain all the advantages 
of electric power, the entire lease must be planned as a unit. 
The primary and secondary distribution systems should pro- 
vide good voltage regulation for the motors, yet the initial in- 
vestment of substations, conductors, protection equipment, 
and overall operating costs should be as low as possible. The 
drive motors, while they must be tailored to the load of the 
pump and local weather conditions, must be capable of start- 
ing and running on the voltage available. 


ut 


Today, most oil companies purchase power at primary volt- 
ages and provide their own secondary distribution system. 
But if more than one substation is required to serve the lease, 
the design engineer must plan both the primary and second- 
ary layout. Such a plan should consider the number of wells 
on the lease; their spacing and configuration; the initial and 
future average horsepower requirements for individual wells; 
the initial and future average horsepower requirements for the 
total system ; the present and future average power factor; the 
primary and secondary distribution voltages; and limitations, 
such as voltage regulation for starting and running of motors, 
and conductor sag for maximum ice and wind loading. 

Modern oil wells are drilled on 10 to 80 acre spacing, de- 
pending on state regulations and the potential of the field. 
This wide spacing and the relatively low horsepower require- 
ments at each well makes the selection of the primary and 
secondary distribution voltages a critical factor in proper 
motor performance and overall system economies. 

The cross section and weight of the conductors required 
to transmit a given power load varies inversely as the square 
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Industry Engineering Dept. 
Westinghouse Electric Corporation 
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of the voltage. Thus, if the voltage is doubled, the weight of 
the conductor is reduced to one-fourth with a consequent 
reduction in conductor cost. It would appear that the higher 
the distribution voltage, the more economical the installation. 
However, the cost of end equipment, such as transformers, 
motors, controls, and lightning arresters, as well as the oper- 
ating costs, must also be included. 

Primary System—Voltages from 2400 volts to 13 800 volts 
are generally used for oil-field primary distribution. The 
4160-volt grounded-wye system is usually preferred over the 
2400-volt delta system because it allows for future expansion, 
serves three times the load of the 2400-volt system with the 
same voltage regulation, and serves more widely scattered 
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loads, requiring fewer substations. The grounded-wye system 
has advantages over the delta system for ground-fault relay- 
ing and clearing of transient overvoltages. 

The cost of 5- and 15-kv distribution circuits depends 
largely upon the load and size of conductor needed to carry 
the load with allowable voltage drops. However, line construc- 
tion for 15-kv circuits is approximately 7.5 percent higher 
than for the 5-kv class, if the same conductor size is used. This 

is true where conductor strength and not current-carrying 
capacity or voltage drop is the determining factor. 

If conductor size can be reduced by using 12 470 volts 
rather than 4160 volts, a careful check of the total cost, in- 
cluding operating costs, should be made for justification of 
the higher primary voltage. 

Secondary System—The standard secondary utilization 
voltage for oil-field service is 480 volts. Usually 480-volt dis- 
tribution can serve motors rated 10 hp and smaller on leases 
where the farthest well is not more than one-half mile from 
the substation. On leases with 660-foot well spacing, 20-hp 
motors can be handled at 480 volts. Above these limits, a 
wider primary voltage distribution system, or a higher special 
secondary voltage.gvstem should be considered. But before a 
higher secondary voltage is used, various primary and 480- 
volt systems should be carefully considered. 

A secondary system voltage of 480 volts is usually obtained 
by connecting single-phase transformers in delta. Some 
operators ground one corner of the delta secondary at the sub- 
station for some measure of ground-fault protection. However, 
if a grounded system is desired, a grounding transformer 
should be used to establish the ground source. 

Single-phase 480-volt transformers can be used to advan- 
tage in many ways. Open-delta connection can be used to carry 
57 percent of the three-phase bank capacity. This practice is 
common in new fields that are expected to have a higher fu- 
ture load, thus prolonging the purchase of the third trans- 
former. Also, the secondary of a standard single-phase 480- 
volt transformer can be connected into either the 480-volt 
delta or a special 440/762-volt grounded-wye system when 
two leases operate at these different voltages, thus providing 
maximum interchangeability of equipment between leases. 

When the advantages of the single-phase transformer are 
not required, three-phase transformers of the conventional or 
completely self-protecting type should be considered. Three- 
phase transformers rated 277/480 volts are now standard for 
grounded-wye operation and offer savings in substation struc- 
tures. Pole-mounted three-phase transformers are available 
in ratings up to 225 kva. 
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Special Utilization Voltages—A special 440/762-volt solidly- 

grounded-wye distribution system has been used which per- 
mits larger loads to be carried within practical limits of volt- 
age regulation and power loss. The 762-volt system is made 
by connecting standard 440-volt single-phase transformer 
secondaries in wye with the neutral solidly-grounded. The 
line-to-line voltage is then \/3 times 440, or 762 volts. With the 
neutral solidly-grounded, the line-to-ground voltages are held 
within the 600-volt rating of the phase-to-ground insulation 
under normal operating conditions. A design engineer con- 
templating the use of this voltage system should consult the 
control and motor manufacturer to assure that the equip- 
ment is adequate for the installation. 

A low-resistance ground on the 762-volt system insures that 
the normal line-to-ground voltages are held to 440 volts and 
the recovery voltages under fault conditions are held to a 
minimum. For these reasons, a solid connection must be made 
from the transformer bank neutral to a well casing or equiva- 
lent ground. Also, all ground circuits from the control, motor, 
lightning arresters, and capacitors are tied together and con- 
nected to the well casing. 

The economy of the 440/762-volt system is based on two 
facts: it can supply approximately three times the 440-volt 
load on the same conductor over the same distance; or it can 
carry the 440-volt load three times as far with the same volt- 
age regulation. An overall system cost saving of eight percent 
is sometimes realized when the higher voltage is used and con- 
ductor size is selected as required. 

The standard 480-volt distribution system can adequately 
serve the majority of leases. On leases where a higher special 
secondary voltage is desirable, the 440/762-volt system is 
preferred over other systems, such as the suggested 880-volt 
delta, because motors, transformer, and controls are available 
for operation on both 440- and 440/762-volt systems. The 
use of such equipment allows interchange between leases 
operating at either voltage. It should be recognized that the 
equipment supplied for this service is rated 600 volts, and pre- 
caution should be taken to prevent the substation voltage 
from exceeding 762 volts maximum. 

Voltage Regulation—The voltage regulation on any distri- 
bution system is a function of the conductor impedance and 
the load transmitted over the system. The allowable percent 
voltage drop, based on the distribution voltage, must be 
maintained regardless of the secondary voltage to insure 
proper motor performance. 

Adequate voltage must be maintained at the motor termi- 
nals during starting as well as during continuous running 
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Tep—Piatform-mounted substation 
(left) of single-phase transformers. 
Three-phase substation (right) feed- 
ing an electrified lease. 


Center— Large walking-beam sucker- | 
rod pump driven by an induction — 
motor. 


Bottom—The two-door arrangement _ 
of this oi!-well pumping control offers _ 
safety and accessibility for testing. A_ 
watthour meter can be plugged in — 
the program time switch socket to 
check power consumption. : 
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conditions. If the regulation is poor, the motor will not supply 
the high starting torque required by the beam-pumping unit. 
The resulting locked-rotor condition is the most severe duty 
that can be imposed on a motor and is apt to result in severe 
damage or burn out. 

The proper selection of the primary and secondary voltages, 
substation location and size, conductor size, and power-factor 
improvement capacitors determines the economy and ulti- 
mate success of the distribution system. 

Starting the most remote motor, with all other motors run- 
ning, results in the most severe voltage regulation at the 
motor terminals. Therefore, allowing for a reasonable voltage 
regulation, the system designer must consider the length of 
distribution feeders and starting torque requirements of the 
farthest pumping unit. 

Capacitors improve the voltage regulation of a distribution 
system. If the capacitors are switched with the load or by 
relays that respond to voltage, current, or reactive load, the 
voltage regulation can be maintained within acceptable limits. 
Of course, capacitors not only improve voltage regulation, 
but also improve power factor. This results in increased load- 
carrying ability, reduced power costs, and less parasitic load 
on the substation. The initial size and cost of substation trans- 
formers and distribution circuits depends on the average load 
power factor as much as the connected horsepower and load 
factor. On leases served at primary voltages, with no power- 
factor clause, capacitors can often be justified on the basis 
of increased loading on existing substations and circuits, or 
because of reduced investment in new substations and dis- 
tribution systems. 


sucker-rod pu mping 

The load of a walking-beam sucker-rod pump has two peaks 
and two minimum power demands for each stroke. On ideally 
balanced pumps, the peak power when lifting the rods, equals 
the peak power when lifting the counter-weights. The mini- 
mum power demands are also equal and do not reverse. In 
practice, a pump is balanced if the peak power demands are 
approximately equal because the load varies depending on the 
fluid column, fluid friction, and spasmodic gas agitation. 

The torque required to start and accelerate a walking-beam 
pump is rather high and unpredictable. Factors such as pump 
starting position, condition of beam and gear unit, paraffin 
formation in the tubing, ambient temperature, and icing con- 
ditions can cause tremendous friction loads for starting, 
acceleration, and running. Since the motor for an automatic 
unit may be operated in a climate with widely varying ambi- 
ent temperatures, it must be carefully selected. 

Motor Characteristics—Three-phase, squirrel-cage induc- 
tion motors are used almost exclusively for oil-well pumping 
on electrified leases. 

The squirrel-cage motor is simple, rugged, and is easily 
maintained. It has lower first cost and longer operating life 
than engine-driven units. Since there are no brushes or slip 
rings, the squirrel-cage motor is also safe in surroundings 
that are occasionally hazardous. 

Single-phase motors are used on the small percentage of 
leases where only single-phase power is available and load 
requirements are not excessively large for the distribution 
system. Usually 5 hp is the largest single-phase rating applied 
on pumping units, although single-phase motors up to 20 hp 
are available. 

Motors are available in various designs, enclosures, and 
other electrical and mechanical variations. Three NEMA de- 
signs are most generally considered for oil-well pumping. 


Design B has normal starting current and torque, and a 
slip of five percent or less. While it is the least expensive de- 
sign, it does not have the starting torque and full-load slip 
desired for oil-well pumping. Therefore, the Design B motor 
should not be used on automatically controlled pumps. 

Design C has normal starting current, medium-high start- 
ing torque, and a slip of five percent or less. It is satisfactory 
in most climates and is commonly used on automatically 
controlled leases. 

Design D has normal starting current, high starting torque, 
and high slip (5-8 and 8-13 percent). It is adequate for any 
automatically controlled lease in any climate, because the 
high starting torque assures starting in all weather conditions. 

The Design D motor has many advantages over Designs B 
and C for oil-well pumping. Automatic starting is assured 
even under poor voltage-regulation conditions. Design D 
motor has a more efficient overall! operation on a pumping unit 
because of lower peak and rms currents. Design B and C 
motors (normal-slip motors) follow the instantaneous torque 
requirements of the pump more closely than the Design D, 
drawing higher cyclic peak currents from the system for a 
given average horsepower. The Design D motor slows down 
as the high torques are imposed, but rides through the peak 
torques due to the flywheel effect of the pumping unit. Under 
identical operating conditions, the Design D (5-8 percent 
slip) motor operates at an average power factor 10 to 20 per- 
centage points higher than Designs B or C because of the 
cyclic nature of the load. 

Also, with higher pumping speeds the peak power of the 
nofmal-slip motor increases at a much higher rate than that 
of the high-slip motor. For this reason, the Design D motor 
is better suited for high-speed pumping because the overall 
pumping efficiency is higher. 

A motor with NEMA-D characteristics is therefore win- 
ning general acceptance for walking-beam-pump service. This 
motor should be a special motor designed for optimum start- 
ing and running performance for terminal voltages commonly 
encountered. Since starting regulation usually dictates system 
design, the norma! running voltage at the motor lies between 
480 and 440 volts and can average over 460 volts. Therefore, 
a departure from the standard voltage of 440 volts to a 
designed voltage of 460 volts is warranted. 

Motor Enclosures—Open and totally-enclosed fan-cooled 
(TEFC) motor enclosures are all suitable for outdoor appli- 
cation. Open enclosures are equipped with protective screens 
or guards to prevent entrance of rodents and large particles. 
The modern open-guarded enclosure is accepted in oil fields 
because it provides a high degree of protection. The TEFC 
motor is recommended for severe climates, such as coastal 
areas or corrosive atmospheres; it is also justified for dusty 
locations. For hazardous areas, an explosion-proof TEFC 
motor is recommended. But the atmosphere around most oil 
wells is not hazardous normally because the well is capped 
when the motor is operating. 

How to Determine Motor Horsepower—The proper motor 
horsepower to apply to a pumping unit depends on several 
interdependent factors. The first one is the field configuration 
and the load density of the lease. With voltage regulation of 
the system designed to acceptable limits, the starting torque 
requirements of each pumping unit must be investigated. 

The average motor horsepower can be determined by the 
following formula: 


Motor HP Rating= 


Hydraulic H P+ Sub-Surface Losses X CLF 
Surface Efficiency 
where CLF is the cyclic load factor. 














Any formula for motor-horsepower rating must recognize 
all of these factors. The hydraulic horsepower is based on 
the rate of production of the well, the net fluid head of the 
pump, and the specific gravity of the fluid in the tubing. 
The sub-surface losses are quite unpredictable and may vary 
over a wide range due to crookedness of the hole, the angle of 
deflection, sand in the fluid, paraffin accumulation in the 
tubing, the specific gravity, and the viscosity of the fluid 
being pumped. Tests show that the sub-surface losses of a 
given well vary little with plunger size but considerably with 
the speed of pumping. Therefore, pumping speed must be 
considered in the development of the sub-surface losses. 

The surface efficiency depends on the efficiency of the walk- 
ing beam, and the gear unit. It can be expressed as the ratio 
of the motor-output horsepower to the horsepower delivered 
at the polished rod. Depending on the percent loading of the 
pumping unit, the overall surface efficiency can vary from 
0 to 85 percent; therefore, a pumping unit should be loaded 
near its rating. The efficiency of the motor does not enter 
into the calculation of motor horsepower. 

The cyclic load factor is required to recognize that the rms 
load of the pumping unit is larger than the average horse- 
power requirements. It is defined as: 

CLF =- RMS Current 

Average Current 

The significance of CLF is based on several factors. The 
rating of an electric motor is based on a permissible tempera- 
ture rise, which is largely a function of the motor FR losses. 
However, motor heating is a function of the thermal or rms 
current, which is the square root of the mean of the squares 
of the current for a definite time interval. The average motor 
current is proportional to the pumping load. So if the pump- 
ing load is constant and noncyclic, the average current drawn 
by the motor is equal to the rms or thermal current. But on 
cyclic loads such as beam-type pumps, the rms or thermal 
amperes exceeds the average current causing additional heat- 
ing. The CLF then derates the motor to enable it to carry the 
cyclic load. 

The cyclic load factor for any counterbalanced rig is higher 
at high pumping speeds than at low pumping speeds. Rotary 
counterbalancing results in a lower cyclic-load factor at 
polished rod speeds above 2000 inches per minute. The cyclic- 
load factor for the high-slip motor is much less than for the 







Schematic diagram of an oil-we!ll pumping control, showing con- 
nections for power-factor improvement capacitors and surge- 
protection equipment. 
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normal-slip motor, resulting in a lower horsepower rating for 
a given average horsepower. 

Therefore, in selecting a motor for a pumping unit, con- 
sideration should be given to the starting torque requirements 
of the rig under all climatic conditions, the average horse- 
power required to pump the well if it were noncyclic, and the 
derating that must be applied due to the existence of the 
cyclic load. 

Control Requirements—In modern oil-well pumping leases, 
each individual well is operated on a preset automatic pump- 
ing schedule. Electrified leases lend themselves quite readily 
to the advantages of automatic control. Modern oil-well 
pumping controls employ the necessary protective and se- 
quence-timing equipment to provide safe unattended opera- 
tion, see below. Lightning protection should be installed in 
or at the control because the overhead distribution lines are 
exposed. Lightning arresters should also be placed at substa- 
tions and along the distribution system to divert lightning 
strokes to ground as soon as possible. Also a surge capacitor, 
mounted in the control, will slope the incoming wave, pro- 
tecting the turn-to-turn insulation in motors, control trans- 
formers, and relay coils. 

The controls on electrified pumping leases are equipped 
with three overload relays to insure detection of single phasing 
even on the primary circuits regardless of the transformation 
connection utilized. In other industries, only two overload 
relays are used. The third overload relay is justified in oil-field 
control because the probability of unbalanced voltages or 
single phasing on the primary is greater than in other systems. 
If the transformation is wye-delta or delta-wye, a single phase 
on the primary will result in 200 percent current in one con- 
ductor to the motor; therefore, the third overload is required. 

Undervoltage protection in standard 440-volt controls is 
provided by connecting the contactor coil and auxiliary relays 
to different phases. This prevents starting during single- 
phase or abnormally low voltage conditions. By arranging the 
controls, the motor can either be restarted manually or auto- 
matically after a power outage. In cases where the controllers 
are set for automatic restarting, a timer should be included to 
stagger the restarting of the motors. 

In order to eliminate the necessity of a pumper manually 
starting each well-pump motor, many operators have in- 
cluded a program time switch which can automatically start 
and stop the pumping unit on a preset schedule. The timer 
can be adjusted to pump a given well in any on-off schedule 
to provide the prorated production or to skip an entire day 
if such operation is desirable. On stripper wells, the pumps 
may be controlled by the flow rate into the reservoir. 

Automatic Lease Control—Several operating companies are 
placing entire leases under automatic lease control. This in- 
volves the automatic starting and stopping of pumping units, 
automatic monitoring of basic sediment and water, automatic 
well test, production tests, treating of total lease production, 
and the automatic logging of oil transfer to the pipeline. 

Logic circuits employing new static components are ideally 
suited for Lease Automatic Custody Transfer systems since 
a minimum of maintenance is required. Control systems 
utilizing static components are capable of performing any 
function that relays perform. Static components such as 
Cypak have no moving parts. This eliminates the routine 
maintenance normally associated with relay logic systems 
and offers years of trouble-free operating life. 

With the greater availability of electric power and the 
many advantages it offers, electrification will continue to 
increase and improve the efficiency of oil production. . 
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AUTOMATIC 
GAUGE CONTROL 


The output capacities of metal-working mills have lately 
been inching their way up to unprecedented speeds. The 
Wheeling Steel Corporation’s Yorkville, Ohio plant, for one, 
has a 48-inch five-stand tandem tin-plate mill that can hum 
merrily along at 6000 feet per minute. Despite this high 
speed, the tin strip is carefully scrutinized by an automatic 
gauge control which assures strip tolerances of plus or minus 
0.0001 inch. 

On such high-speed mills an automatic gauge control is a 
necessity to correct strip-thickness errors as quickly as possi- 
ble, minimizing scrap losses. And a radiation thickness gauge, 
as applied on this mill, suffers not the least abuse, since it 
neither touches the strip nor has any moving parts. 

The automatic gauge control automatically measures and 
records the thickness of the tin strip, and through feedback 
loops the mill automatically adjusts for any variation in 
thickness. A radiation thickness gauge after stand one (see 
right) controls the number one screwdown, minimizing incom- 
ing variations, thus assuring a uniform strip to the mill. A 
sampling switch maintains a constant number of thickness 
samples per foot of strip by adjusting the sampling frequency 
to the speed of the mill. 

The gauge control after stand five controls that stand and 
the reel to adjust strip tension, maintaining a constant gauge 
of finished strip. 

The 6000-hp twin-motor drive for stand five, see right, 
consists of two 3000-hp, 250/550-rpm, 750-volt, double-arma- 
ture motors connected to the mill working rolls through 1 to 2 
ratio step-up gears. The 1500-hp units are of special small 
diameter frame design for minimum inertia and side-by-side 
assembly. The drive capacity of the entire mill is 22 500 hp. ® 
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Electric heating is applied in several forms: (a) Baseboard electric heating has universal application. Here, it 
is used in a school room. (b) Wall electric heaters are suitable for homes, apartments, schools, and offices. 
(c) Small wall electric heaters are used in bathrooms. (d) Portable electric heaters provide heating comfort for 


any room in the house. 


Westinghouse Electric Corporation 
Staunton, Virginia 


Electric heating has grown from an unwanted waif to a 
sturdy and welcome electrical load during the last decade. 
By 1960, approximately one million homes will be heated 
electrically. From the electric utility’s standpoint, two factors 
have led to the change. Iirst, the increasing use of air con- 
ditioning has shifted peak loading from winter to summer in 


many localities and created a seasonal unbalance, which 
electric heating can correct. Secondly, other utilities have 


turned to electric heating for increasing kwhr sales, even 
though they do not have a summer peak. This is particularly 
true where geographical limits on increasing loads have been 
reached, and future growth depends upon increasing kwhr 
consumption in presently served areas. 

From the user’s standpoint, electric heating offers a number 
of advantages—low installation cost, convenience, cleanli- 
ness, flexibility of control, and negligible maintenance re- 
quirements. Wherever electricity can be purchased for 1.5 
cents per kwhr, electric heating is competitive with oil at 16 
cents per gallon. In some cases, a higher power rate is com- 


peting with oil at a lower price. 


Electric heating methods can be classified into seven basic 
types: (1) central warm-air systems; (2) central wet systems; 
(3) off-peak systems; (4) heat-pump systems; (5) panel heat- 
ing systems; (6) floor furnaces; and (7) unit heater systems. 
In choosing a practical heating system, the characteristics 
of each should be compared. Seven important characteristics 
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are compared in Table I. Arbitrary numbers indicate the 
relative ranking of each heating method; number 1 indicates 
the highest ranking, number 7 the lowest. 

The central warm-air sysiem includes methods that employ 
a central electric furnace to deliver warm air through ducts 
to the areas to be heated. Compared to other electric-heating 
methods, these systems are relatively high in first cost and 
kwhr operating cost. Use efficiency is low because the entire 
capacity is turned on even if heat is needed in only one room. 

Central wel systems use pipes and some form of radiator 
filled with either steam or hot water for delivering heat from 
an electric boiler. Both original cost and operating cost are 
relatively high. Response to temperature change is slow, and 
use efficiency is low. 


Panel Heating 


Central Warm 
Systems 
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Off-peak heaters include all storage heaters that require no 
electric input during certain times of the day. They are, of 
necessity, a variation of the first two methods, and have the 
same inherent characteristics. First cost is even higher be- 
cause additional space is required. With low-cost off-peak 
rates, power cost can be low. However, if electric heating 
becomes a sizable system load, off-peak can soon become on- 
peak, and power cost advantages are eliminated. Also, the 
lower off-peak energy charge does not always offset the in- 
creased fixed charges and maintenance costs. 

The heat pump is interesting because both heating and 
cooling can be provided by the same equipment. Theoretical- 
ly, the heat pump needs less than half the electric energy 
required by resistance heaters, and therefore, must be rated 
lowest in kwhr cost. However, the savings in energy cost do 
not always offset the increased cost of fixed charges and main- 
tenance, which accounts for the question mark in Table I. 
Other characteristics are the same as for central systems. 

Panel heating systems include all those methods that heat 
the ceiling, floor, walls, or other large areas. Some have been 
called ‘‘radiant heating” systems, but actually their temper- 
ature has to be so low for comfort that only a small portion 
of the heat is dissipated by radiation. Actually, the panels 
become merely large convectors. To their first cost must be 
added the expense of additional insulation usually required. 

Floor furnaces include those devices that recess beneath 
the floor and discharge warm air level with the floor or 
through registers in a wall. On first cost, floor furnaces usually 
are less than al] others. However, they tend to heat the area 
locally, particularly where low temperatures are encountered. 

Unit heater systems include all types of heaters that are a 
unit in themselves, designed to heat one room independent of 
all other rooms. These individual units have found the widest 
application because one or more units can be used to supple- 
ment other types of heating, or several can be used te produce 
comfort throughout an entire building. Although not lowest 
in installation cost or operating cost, the unit heater usually 
leads the other types on most other points of comparison. 
Unit heater installation is simple, and since most heaters have 
no moving parts, little or no maintenance is required. Unit 
heaters are easy to control because they do not have large 
thermal storage, and each heater can have a built-in thermo- 
stat that responds quickly to small changes in room tempera- 
ture. A different temperature can be maintained in each room, 
or one room at a time can be heated. Individual control gives 
a diversity of power demand that is unequalled. 


Regardless of the type of equipment used, it is extremely 
important that enough heating capacity be installed. A house, 
like the human body, is constantly giving off heat when it is 
warmer than its surroundings. The heat lost must be replaced 
to maintain comfortable surroundings. 

The heating capacity required can be determined from the 
fundamental relationship: 

HC=WA (T\—T.) 
where HC is heating capacity needed, W is heat transmission 
coefficient in watts per square foot per degree temperature 
difference, A is area in square feet of surface through which 
heat is being lost, 7; is inside temperature (usually 70 F), 
and 7, is outside design temperature. 

In practice, the heat lost through each surface exposed to a 
colder temperature is calculated by substituting the proper 
data in this formula. A similar formula (see right) is used to 
determine the heat requirements due to infiltration, or the 
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Table li—Practical Heat 


Transmission Coefficients 





W (Heat Transmission Coefficient) =Watts/sq. ft./dezrees F difference 5 
INSULATION (Fibrous Type) 


CONSTRUCTION Y, 1 2 4 6 
None inch inch inches inches inches 


Wall, frame 0.10 0.06 0.04 
Wall, brick veneer 0.10 0.06 0.04 
Wall, masonry 8 inches 0.16 0.07 0.04 0. I 
Wall, masonry 12 inches 0.11 0.06 0.04 0.03 0. : 
Wall, masonry 16 inches 0.10 0.06 0.04 0.03 


Ceiling, normal 0.18 0.07 0.06 0.04 
Ceiling, 2-inch, tongue and groove 0.10 0.07 0.05 0.04 
Floor, normal 0.10 0.06 0.05 0.03 
Floor, concrete 4 inches 0.20 0.08 0.06 0.04 


Floor, 4-inch slab watts/linft. 025 0.20 017. 


Windows Doors 
Single glass . Wood, 2 inches thick 
Storm sash : plus storm door 
Double glass : 





heat required to warm incoming air. The individual values are 
added to get the total heat lost from a single room. The total 
of all room values gives the heating capacity required for 
the house. 

As with all calculations, tolerance limits must be con- 
sidered. Generally, heating capacity determinations that 
are within 10 percent of each other are considered equal. For 
any one room, experience has shown that calculations within 
500 watts are accurate enough. Where heating capacity in- 
stalled in one room might be less than calculated, additional 
capacity should be used in another room to bring the total 
within design tolerance. 


Experience has shown that, while the exact number of 
kwhr used depends primarily on the living habits of the user, 
an approximation can be obtained by multiplying the heating 
capacity required by the degree days for a normal heating 
season and using a correction factor, to allow for specific local 
conditions, as illustrated in the following equation: 
KWHRa=LOEXPPXC 

T4 
where KWHR is estimated annual kilowatt hours for the 
heating season, HC is calculated heating capacity required 
for design conditions, 74 is temperature difference (degrees 
F) between inside and outside design temperatures, DD is 
degree days per heating season, and C is a correction factor. 

One degree day is a theoretical measure of the amount of 
heating required for one day and is defined as the number of 
degrees between 65 F and the actual mean daily temperature 
for a given day; for example, when the mean daily tempera- 
ture is 10 F on a specific day, 55 degree days of heating are 
required. However, degree day data is an illusive factor and 
must be used with care. It is based on the average outside 
temperature. Two areas having the same average temperature 
may vary considerably in their heating requirements; for ex- 
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ample, an area where the temperature is 10 F for 16 hours 
and 40 F for 8 hours would have the same average tempera- 
ture as an area where the temperature is 10 F for 8 hours and 
40 F for 16 hours. The degree day data would be the same 
but nearly 30 percent more electricity would be required for 
the first condition. Degree day data obtained by adding 
degree hour data gives more reliable estimates. 

Usually 70 degrees F is taken as the inside temperature 
when computing 74, but where it is known that the inside 
temperature will be higher, the higher figure should be used. 
Selection of outside design temperature is a matter of judg- 
ment and experience, but it is seldom taken as the lowest 
recorded temperature. Generally accepted design tempera- 
ture for any locality can be obtained from the U.S. Weather 
Bureau or one of many published tables. 

Theoretically the correction factor C should be 24, but 
because of many variables, it is usually less. In general, cor- 
rection factor decreases as the number of thermostats used 
to control a given heating capacity increases. It is always less 
for equipment that puts the heat directly into the room. 

The results of extensive tests by several electric utilities, 
reported in various publications and substantiated by years of 
experience with thousands of installations, show that a cor- 
rection factor of 12 is the most practical for applications using 
nonfan-type unit heaters with built-in thermostats. For em- 
bedded cable heating systems, a minimum value of 17 has 
sometimes been used, but most manufacturers have been rec- 
ommending a value of 18.5. Twenty is the minimum value 
that should be used for central furnaces and floor furnaces. 

The correction factor to be used in any area should be 
determined by the local electric utility, with full consideration 
given to the type of equipment installed. 


Load characteristics of electric heating are influenced by 
many factors. The type of electric heating equipment in- 
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stalled, and the living habits of the user have the greatest 
effect, although weather conditions, construction details, 
amount of insulation, and other variables are important 
factors. The experiences of electric utilities now serving siz- 
able electric heating loads indicates the part electric heating 
will play in a residential load-building program. 

The following typical examples, taken from published case 
histories, show some of the load characteristics produced by 
unit heaters with built-in thermostats heating adequately 
insulated homes. They illustrate the load diversity that can 
be expected. 

Maximum diversity and best load factor result from con- 
tinuously controlled operation (when the heaters are left on 
all the time under control of built-in thermostats). During 
extended cold spells, heaters are usually operated in this 
manner. An actual load curve chart (Fig. 1) shows that a 
15.9-kw heating load created a maximum demand of 8.5 kw, 
or a diversity of 53 percent. Note that the normal loads 
caused the peak to occur in the evening. Many utilities rec- 
ommend continuously controlled operation under all weather 
conditions because of advantages to both user and power 
company. Users get constant comfortable surroundings, and 
the operating cost is little, if any, greater. The utility benefits 
from a more even load curve, greater diversity, and improved 
load factor. 

Less diversity can be expected with periodically controlled 
operation (when some, or all, of the thermostatically con- 
trolled heaters are turned off at night regardless of the severity 
of the weather). This is common practice during mild weather. 
Although results are less desirable than those obtained by 
continuous operation, there is still load diversity. Another 
load curve (Fig. 2) for a single home with periodic control 
shows that a 15.8-kw heating load created a maximum de- 
mand of 9.1 kw, a diversity of 58 percent. The peak occurred 
in the morning, and definite peaks and valleys in the load 
curve resulted from periodic operation. 
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Integration of all loads in a group of homes generally im- 
proves diversity and load factor. In this example (Fig. 3a), 
the heating load is 120 kw but maximum demand is only 46.5 
kw—a diversity of 39 percent. The load factor was 41 percent. 
For the same installation, the maximum demand for all serv- 
ices (Fig. 3b) was only 66 kw—just 36 kw more than for the 
normal loads alone. Load factor was increased to 44.1 percent 
from 35.3 percent for the normal loads alone. A 37.5-kva 
transformer carried the load without overheating. The maxi- 
mum oil temperature was 40 degrees C. Careful analysis of 
loads leads to systems that serve total loads economically. 
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Experience has shown that the distribution capacity re- 
quired to serve an isolated house is usually about 60 percent 
of total connected load. Where 10 or more electrically heated 
homes are served by the same system, the installed distri- 
bution capacity needs to be only about 30 percent of total 
connected load. This is particularly true if electric heating 
equipment consists of individual units, each with a built-in 
thermostat, and the distribution system is of the current- 
protected banked-secondary type. 

A further favorable factor is that maximum electric heating 
demands occur during lowest ambient temperatures. Hence, 
a distribution system can often handle winter peak electric- 
heating load demands that are two or three times the summer 
peak loads. 

In most cases, electric heating triples annual kilowatt usage 
per residential customer, but creates demands that are no 
worse than those caused by ranges, water heaters, and driers. 
Looking into the future, it has been estimated that the elec- 
tric heating load will grow at a rate of 25 percent per year for 
the next five years, then at a slightly lower rate. In 1957, an 
estimated 5 400 000 kwhr were used for heating homes en- 
tirely by electricity; by 1970, an estimated 77 600 000 kwhr 
will be consumed by electric home heating. . 
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A new Cypak safety interlock (photo 1) is particularly 
suitable for application to controls for presses—in both new 
and existing installations. The new magnetic control device 
contains no moving parts, and is compact and tamper-proof. 

The interlock requires that both palmbuttons or other 
control switches be closed simultaneously to start a machine 
operation. If either button is released, the machine stops 
and cannot be restarted until both buttons have been released 
momentarily and depressed again. This provision precludes 
any possibility that the operator can defeat the safety sequenc- 
ing by taping or shimming control buttons. And since all 
critical components are potted and sealed in a steel case, 
the safety sequencing cannot be defeated by tampering with 
the circuitry. 

Input requirements are 117 volts at 60 cycles, and out- 
put power is 250 milliamperes at 6.5 volts, half-wave d-c. 
The output can drive a standard relay using a 6-volt d-c coil.® 


The electronic tracer shown below (photo 2) can auto- 
matically direct a battery of gas cutting torches through 
intricate cutting patterns. The device utilizes a vibrating 
photo-sensitive cell to follow a penciled drawing or pattern. 
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There are now two principal methods of directing gas 
cutting torches in mass fabricating operations. One method 
is entirely manual—the operator guides the tracing head 
around a pencil line drawing of a work piece. The torches 
are connected to the tracer mechanism in such a way that 
they will duplicate the pattern followed by the operator. 
The new device promises to eliminate this tedious process. 

The second method, in which a pattern is followed by 
means of an automatic tracer, requires expensive and often 
elaborate photographic, magnetic, machined, etc., templates. 
This device is the first automatic tracer capable of accurately 
following a penciled drawing. 

With the use of this tracer, pattern preparation costs are 
considerably reduced, cutting operation is more reliable and 
automatic, initial equipment costs are lower, cutting speeds 
are increased, and cutting accuracy is improved, thereby re- 
ducing costly rejects and rework. 

The tracer consists of a compact scanning mechanism 
equipped with a small, rapidly vibrating photo-conductive 
cell. When the line on the drawing is immediately below 
the center of vibration of the scanning photo-conductive 
cell, a zero error signal is transmitted. If the unit tends to 
deviate from the penciled line, an error signal is initiated, 
amplified and passed on to a small steering motor which is 
then driven so as to return the tracer to the line. 
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The unit is capable of following any pattern at speeds 
up to 30 inches per minute without loss of accuracy. Power 
steering is employed to direct the tracing head towards the 
start up point on the drawing. The unit will follow a straight 
path until the line is intercepted, after which it will auto- 
matically trace the pattern. 

A unique safety circuit will stop the machine and turn 
the gases off if the tracer should leave the line pattern either 
by accident or intent. This feature provides a means of stop- 
ping the cutting operation automatically at the end of the 
cut and also will prevent damage to the rest of the work- 
plate if the tracer should inadvertently leave the line. * 
Sfs breaker installed 

A new 46-kv sulfur-hexafluoride (SF¢) circuit breaker for 
multiple reclosing duty—recently installed on the Consumers 
Power Company System at the utility’s Quincy Substation 
in Michigan—is a low-capacity breaker with a minimum 
interrupting rating of 250 mva and an interrupting time much 
better than its specified eight cycles rating. The breaker 
and the associated relays are on a reclosing duty consisting 
of two reclosures and three trips with lockout occurring after 
the third trip. 

Each of the three porcelain-clad pole units (see photo 3) 
contains an interrupter and single bushing. These pole units 








are assembled on a supporting frame provided for mounting 
on utility poles or in a substation structure. The solenoid 
operating mechanism, mounted at one end of the supporting 
frame, operates the three pole units simultaneously through 
horizontal connecting rods. 

A novel feature of the condenser-type bushing exten: 
downward from the mounting plate is the use of SF¢ gas as t 
insulating medium between the bushing condenser and the 
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porcelain weather casing. The entire structure is charged toa 
pressure of 60 psig. 

The interrupter assembly is a separate removable com- 
ponent consisting of the upper terminal, two-break inter- 
rupter, puffer, drive shaft, and moving contacts. The assembly 
is easily accessible, a special drive shaft coupling and current- 
carrying connector make possible its removal as a complete 
subassembly without the aid of a crane or hoist. The puffer at- 
tached to the interrupter is operated during closing, forcing 
fresh gas into the interrupter chamber after each operation. ® 


Over 100 000 pieces of information can be stored in a new 
tube for use with radar. In a fraction of a second, information 
received by radar can be committed to the memory of this 
storage tube for long periods. When needed, the information 
can be displayed visibly on a fluorescent screen. 

















The new tube (WL-7228) contains three electron guns. One 
gun receives and writes the information on the memory unit at 
a rate of over 200 miles per hour. A second gun wipes out 
the stored information, or any part of it, at will. The third 
electron gun enables the information to be brightly displayed 
on a screen. 

Although developed primarily for defense purposes, the 
new tube has peaceful applications. The accurate and safe 
control of aircraft approaching an airport is now given a 
new dimension, since the control tower operator can observe 
and record the exact course of an approaching plane. At the 
touch of a switch, this record can be deleted in readiness 
for the next arrival. s 
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A major change in the design of standard light bulbs rep- 
resents a basic departure from the familiar bulb (photo 4). 
Somewhat cylindrical in shape, their new functional styling 
permits important improvements that result in superior 
illumination. The new lamp has a special electrostatic silica 
coating on the interior surface. The new bulb has a greater 
surface area than an ordinary bulb of the same diameter 
although outer dimensions are no greater. This larger surface 
area permits more silica coating on the inside of the bulb. 
Since this silica coating serves to diffuse light, better light 
distribution and substantially less surface brightness results. 
The “hot spot” found in ordinary bulbs is eliminated. bd 
I SuUSpension fOr Instruments 

New circular-scale switchboard instruments have a unique 
taut-band suspension system that uses no pivots or bearings 
and is completely free of rolling or sliding friction. The only 
frictional loss is an infinitesimal amount of molecular friction 
within the taut metal bands. This new development makes 
it possible to build electrical measuring instruments that 
can withstand severe vibration and shock without any effect 
on their accuracy. 

The taut-band suspension principle previously has been 
applied only to laboratory galvanometers, a limited number 
of high-cost American instruments, and some 90-degree Euro- 
pean instruments. The new instrument line (KX-241) is the 
first application in the United States of taut-band suspension 
to instruments for general industrial service, and the first 
application in the world to 250-degree instruments. 

In instruments with taut-band suspension, the moving 
element is supported at each end by a short hair-like band 
of a special high-strength alloy drawn to rectangular cross 
section (see photo 5). Measuring 0.005 inch wide and 0.0005 
inch thick, the bands are dimensionally controlled to less 
than five millionths of an inch. 

The bands are permanently anchored to the moving element 
of an instrument and to U-shaped springs that maintain 
proper band tension and contribute to immunity to shock 
and vibration. Small stops prevent excessive axial and radial 
movement as a further measure for shockproofing. 

In addition to serving as the ‘“‘axle” for an instrument, the 
taut bands also carry current to the moving coil and, by pro- 
viding restoring torque, eliminate the need for spiral springs. 
In instruments built with taut-band construction, sensitiv- 
ity of an unusual degree is inherent. Full-scale 250-degree 
deflection can be obtained with currents of only 50 micro- 
amperes. 

Decision to apply taut-band suspension first to the KX-241 
line of circular scale d-c switchboard instruments was made 
because of the wide applicability of this family of instruments 
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throughout industry, particularly in the electric utility in- 
dustry and in heavy industry, where shock and vibration 
problems can be serious. 

Instruments making up the KX-241 line comprise direct- 
current ammeters, milliammeters and microammeters, and 
voltmeters and millivoltmeters. Frequency meters with trans- 
ducers and a-c voltmeters of the rectifier type are also included. 

Instruments in the line meet or exceed requirements of 
ASA Specification C39.1 for indicating instruments. In addi- 
tion to taut-band suspension, the instruments also have a new 
magnetic circuit that makes them practically impervious to 
stray magnetic fields. Specifically, when subjected to a 300- 
gauss field, instrument indication will be affected by no more 
than one percent. « 
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A new envelope, called the “‘match box”’ design (photo 6), 
applicable to a complete line of receiving tubes, uses the same 
electrode structure as conventionally designed receiving 
tubes. This design has future commercial application, but de- 
velopment efforts thus far have been concentrated on fulfilling 
the needs of the military. 

Because of the new envelope configuration, improved cir- 
cuit performance is obtained. Reliability improvements be- 
yond that possible with conventional tubes are realized be- 
cause the tube stem is eliminated and all lead welds to the 
mount structure are in one plane, which makes welds more 
accessible and subject to control. 

The envelope shape permits greater flexibility for tube and 
equipment designers. For example, the high-dimensional ac- 
curacy of the ‘‘match box” tube envelope, and the protrusions 
for locating the mica spacers permit the elimination of the 
mica serrations, thus removing the danger due to loose parti- 
cles and gas. Since the mount structure is locked within the 
envelope, microphonism and resistance to severe vibration 
and shock is greatly improved. The ‘‘match box” tube also 
lends itself to recessing or strapping onto the printed circuit 
board. If desirable, the straps can serve as a heat sink. 

Mechanized feeding to printed circuit boards and chassis 
is now possible because of the rectangular shape of the new 
family of receiving tubes. If high-temperature envelope 
material is used, the tube size can be reduced. The “‘match 
box’”’ tube improves the form factor of the subassemblies 
(modules) and reduces space required. Since the tube socket 
is eliminated, noise and circuit capacitance is reduced. 

Larger lead spacing is now possible. Input and output leads 
can be placed further apart, minimizing pickup or feedback 
and allowing simpler and more reliable soldering. Lead ar- 
rangement can be designed to better fit the circuit. The 
diameter of lead wire ranges from 0.020 to 0.028 inch. Copper- 
clad lead-in wires are used, which assures satisfactory ultra- 
high-frequency performance. 

Preliminary investigation has shown the new ‘“‘match box”’ 
tube design is resistant to the destructive effects of atomic 
radiation. More study is being carried out in this field to de- 
termine the exact amount of radiation that can be tolerated. ® 


omic amplifier developed 

A new type of atomic amplifier that strengthens extremely 
weak microwaves, such as those reaching the earth from the 
depths of outer space, has been developed by scientists at 
the Westinghouse Research Laboratories. The amplifier, 
known technically as a two-level solid-state maser, was devel- 
oped with support from the Wright Air Development Center, 
Air Research and Development Command. 
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The maser gets its name from the phrase, “microwave am- 
plification by stimulated emission of radiation.”’ Masers are 
new and potentially important electronic devices because 
they can amplify ultra-short radio signals hundreds of times 
weaker than those now considered practical to use. Although 
still in the laboratory stages of development, these amplifiers 
could soon find important practical applications in missile 
detection and warning systems, long-range radar, and scatter 
communication. 

An obvious application for a two-level maser could be in 
radio astronomy, where the maser’s extreme sensitivity would 
enable radio telescopes to probe many times further into the 
outer reaches of space by tuning in on radiation emitted by 
hydrogen gas in the far galaxies. The usefulness of masers in 
radio astronomy has already been demonstrated by the de- 
tection of 3 cm wavelength radiation from the planet Jupiter. 

The great advantage of the maser is its unusual quietness 
of operation. Conventional microwave amplifiers depend for 
their amplifying action upon the flow of electrons. These 
moving electrons produce noise, which may be stronger than 
the weak signals to be amplified. In contrast, the solid-state 
maser uses for its amplifying action only the magnetic energy 
of bound, unpaired electrons in an insulating crystal situated 
in a magnetic field. For many practical purposes, a maser in- 
troduces no noise. 

Solid-state masers make use of the fact that an electron 
posseses a magnetic moment. Thus, an electron acts as a 
miniature magnet that can be oriented in a magnetic field, 
just as a compass needle swings into alignment in the mag- 
netic field of the earth and points north. With care, such a 
compass needle can be pushed into a position of delicate bal- 
ance so that it points south, the opposite direction to that 
which it normally takes. Then, even a slight disturbance un- 
balances the needle, causing it to swing back into its normal 
north direction, giving up its stored energy in the process. This 
is, crudely speaking, what happens to the electron moments 
in the crystal of a maser. 

In the Westinghouse maser, the unpaired electrons are pro- 
duced in a quartz crystal by bombardment with neutrons. 
The crystal is mounted in a small microwave cavity cooled 
with liquid helium and held between the poles of a powerful 
magnet. A burst of microwave energy is fed into the cavity in 
such a way that it tips the magnetic moments of the electrons 
upside down for a fraction of a second. In this inverted ori- 
entation, the electrons store magnetic energy. Then the 
microwaves to be amplified are fed into the cavity causing 
some of the electron moments to flip back to their normal 
orientation. As a result, the microwave signal is amplified by 
the energy of the electron moments that swing back to their 
normal orientation. This is known as two-level maser action, 
because the electrons are made to swing back and forth re- 
peatedly between these two magnetic orientations. 

All existing solid-state masers must be refrigerated nearly 
to absolute zero, thereby reducing the unwanted flipping back 
of the electron moments caused by thermal vibrations, and 
allowing the microwaves to be amplified over a useful period 
of time. The Westinghouse maser operates at the normal boil- 
ing point of liquid helium, 7 degrees F above absolute zero, a 
relatively high temperature for solid-state maser operation. 

The new Westinghouse two-level maser has given micro- 
wave power gains of more than 100 in an experimental model. 
A typical frequency of operation is 9000 megacycles. Higher 
frequencies can be amplified by increasing the magnetic field 
around the maser crystal; an upper frequency limit might be 
expected to be in the infrared. (See also photos on back cover). ® 
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Organization planning is sometimes 





looked upon as a simple process, involving 
only the charting of lines and boxes on 
paper so that everyone will know the vari- 








ous levels and responsibilities of manage- 
ment. While this is a worthwhile objective, 
organization planning involves far more 








than the mere charting of the organization. 
The organization of any group can make or 
break its success; it can lead to efficient, 








economical operation, or the reverse; it can 
help identify and develop leaders, or hide 







them from view; it can help create high mo- 





rale, or it can ruin it. In fact, its importance 
cannot be overrated, although it is often 






underrated. 
Simply stated, any organization plan that 






works is a good one. However, whether or 
not it is the most effective plan depends 
upon how carefully it was formed. To be 
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most effective, several other qualifications 
must be added—the organization must be 





Long-range organization planning provides the opportunity to identify and develop 





efficient, economical, as simple and straight- 
forward as possible, and it must fit the needs 





people for management positions. . . . 





and functions of the particular group. 
Arriving at this optimum is a major 
achievement. Staying there is at least 
equally difficult. Any organization changes, 
even without conscious effort on anyone’s 









part. It grows; it reorganizes itself, some- 





times piece by piece; it tends to vary with 
personal beliefs and characteristics of those 
who head its units; and it changes to cope 
with new situations. Maintaining an effec- 







tive organization in the face of these factors 
is not a simple task. Continuing small 








changes sometimes result in a distorted 
structure before it is fully recognized. 

While a certain amount of such change is 
inevitable—and frequently good—organi- 
zation is too important to be handled on a 
haphazard basis. Planning and analysis 
must be a continuing effort. 

The general subject of organization of a 
company, large or small, is one that, to be 











covered thoroughly, could fill many vol- 
umes. Organization of a large corporation 







can sometimes be so complex that no one 
man can know all the many whys and 
wherefores. But planning can also be ap- 
proached on a simpler basis. If organization 
is considered on the basis of units, in the 










Short-range organization planning is primarily the modification of the existing organiza- 
tion, including reassignment of functions to get maximum use from people available. ... 
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smallest group individuals are the units; in 
succeedingly larger organizations, the group 
becomes the unit, groups of groups become 
units, and so on. Even the largest corpora- 
tion is really but a collection of small groups. 
Basically, most organization problems are 
common to all, regardless of size. 


Organization planning can be approached 
in two different, but related ways. First, is 
the personal, immediate, short-range ap- 
proach. This is basically a manipulation and 
modification of the organization as it exists 
today. This means making the necessary 
changes in assignment of functions and re- 
porting relationships to get maximum effec- 
tiveness from the people available. At times, 
it means hard-headed “‘house-cleaning,” to 
remove unnecessary functions and frills, 
and ‘dead wood.” The short-range ap- 
proach also requires: determination of the 
types and numbers of people for each de- 
partment; and the leadership to motivate 
and inspire people to accept the objectives 
as their own and put forth their best effort. 
A vital part of this process is evaluation of 
the capabilities of individuals, and the 
matching of responsibilities to demonstrated 
talents. Basic to all organization planning, 
of course, is recognition that an organiza- 
tion is not an object, but a collection of 
people; a plan that looks ideal on paper will 
inevitably run into trouble if the capabil- 
ities and requirements of individuals have 
been overlooked. 

The second approach to organization im- 
provement is of equal importance. This is 
the more thorough, fundamental, and Jong- 
range method. Here, the task is approached 
on an impersonal basis, and analyzed to 
develop an ideal organization as a guide to 
future plans. By disregarding the strengths 
and weaknesses of existing people, an ob- 
jective analysis of the best way. of organiz- 
ing to meet basic problems is possible. By 
being objective in this way, a better “ideal” 
plan can be developed than if the probable 
difficulty of adapting certain individuals to 
the changed organization were considered. 
In addition, thinking in terms of long-range 
plans makes it possible to identify and de- 
velop people to fill the new positions, if 
present people are not qualified. The exist- 
ence of such a fundamental plan enables the 
organization to be formed as fast as oppor- 
tunity presents itself. 

The long-range approach should be thor- 
ough, covering all positions in the organi- 





zation, and enough effort should be applied 
to the analysis so a good planning job is 
done for ail positions. On the other hand, 
the personal, short-range approach tends to 
concentrate on the few trouble spots that 
attract attention, and to ignore other areas 
where the organization may be mediocre or 
poor, but less apparent. 

Attention to both approaches is neces- 
sary. Short-term improvements help the 
immediate situation; long-term planning 
assures a sounder future organization. Con- 
tinued action on the short-term approach, 
even after the long-term plan is established, 
permits welding cne with the other with 
minimum disruption to the organization. 


While organization problems differ with 
the group involved, several basic ones are 
fairly common. Consider some of these com- 
mon faults. 

Too Many Chiefs—When supervisors be- 
come too specialized, the net result is usually 
that more are needed. This tends to develop 
people with narrow interests, and creates 
the need for a large amount of coordination 
among different specialties. Ultimately this 
will lead to an increased amount of manage- 
ment to supervise the supervisors, making 
the structure even more top-heavy and un- 
wieldy. This is a common fault when a small 
group patterns itself after a large one. 

Too Many Levels--In any organization, 
too many levels of authority do nothing but 
create red tape. Communication and deci- 
sion making are delayed. People at the 
lower levels tend to feel isolated and lose 
interest in the overall objectives of the 
operation. In any organization with this 
structure, people at the bottom level find 
it difficult to get quick resolution of dis- 
agreements involving other departments. 
The urgency of many situations is such 
that this channel is too long, which means 
that often people at the bottom level tend 
to resolve conflicts by default. 

Too Many Assistants—Another situation 
that adds to complexity is the case in which 
the structure has too many assistants, both 
line and staff. Where this exists, the respon- 
sibility of the line managers is diluted, and 
the performance of both line and staff people 
is difficult to evaluate. This situation breeds 
a large amount of checking, and inhibits 
forthright, decisive action. 

Responsibilities Not Defined—Lack of a 
clear-cut definition of responsibilities can be 
disastrous. Frequently, responsibilities have 


Too many levels of authority tend to leave 
people at lower levels “in the dark” about 
decisions and policies. ... 
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Failure to delegate authority can sometimes lead 


to serious trouble. .. . 





When an individual tries to be responsible for 
too many unrelated functions, immediate prob- 


lems occupy all his time. .. . 


been carefully planned and defined at some 
time in the past, but the plan has become 
obsolete and long since forgotten. In other 
cases, no formal plan ever existed. Such 
situations tend to create duplicate activities. 
Occasionally, for example, several depart- 
ments keep practically identical records, 
each assuming some responsibility for action 
pertaining to those records. The result is fre- 
quently confusion and friction. Perhaps even 
worse is the case where the responsibility for 
a given function is not clearly defined, so no 
one performs it. 

Authority to Match Res ponsibility—One of 
the most difficult positions for any super- 
visor is to have the responsibility for doing 
a job without the authority to carry it out. 
Unfortunately this situation is all too com- 
mon. All too often a supervisor is given re- 
sponsibility for “all that goes on” in his 
section, but actually has no control over 
many activities that are vital to the success- 
ful performance of the job. Matching au- 
thority to responsibility is a primary re- 
quisite of an efficient organization. 

Span of Supervision Too Wide—A con- 
verse of the “too many chiefs”’ situation is 
the case in which a manager has too many 
people reporting to him. Here the span of 
supervision is too great for him to handle 
effectively, and he cannot give adequate 
attention and supervision to his people. His 
department has wasted effort because he 
does not channel the efforts of his people 
properly, and in many cases important de- 
cisions are delayed because he is too busy to 
even talk to people in his own department. 

Reporting Relationship Not Clear—The 
number of people who are not sure who they 
report to would surprise many managers. 
This situation can occur at all levels of any 
organization, and nullifies the whole con- 
cept of a line of authority running from top 
management to the first level of supervision. 

Some organizations are set up so that a 
man is officially, or in actual practice, trying 
to serve two masters. In other cases, pub- 
lished charts show one reporting relation- 
ship, while in practice an entirely different 
situation exists. In either case, the end re- 
sult is frustration for the individual, and the 
situation cannot help but dilute the effec- 
tiveness of his efforts. 

Divided Responsibility—Sometimes the 
responsibility for a given activity is divided 
between two or more people. If, for example, 
one department accepts orders from cus- 
tomers and commits delivery dates, whereas 
another department is responsible for sched- 


uling factory production—with no close tie 
between the two activities—friction and 
lost motion are bound to occur. 

Unrelated Functions—In a small group, a 
supervisor may wear many hats. Doubling 
up of operations in a small group is essential 
to good operation. However, there is a limit, 
beyond which the capacity of the individual 
is overtaxed. When this limit is exceeded, 
responsibility for too many unrelated func- 
tions soon becomes a detriment to the whole 
organization. The most urgent functions 
demand attention, and the long-range func- 
tions—which may be much more important 
—get postponed or entirely forgotten. 

Failure to Delegate—Another frequent 
problem is the failure to use existing super- 
visory talent effectively. This is the case 
where a manager does not delegate enough 
authority to his organization. Failure to 
delegate can hurt in many obvious ways; 
moreover, it means that those reporting to a 
manager never develop confidence in their 
judgment or decision-making ability. 

Vague Titles—Titles of positions should 
be as descriptive as is feasible. Much lost 
motion and confusion can result if new- 
comers to the organization, or outsiders, 
cannot tell even in general terms the respon- 
sibilities of positions from titles. 

Obsolete Functions—The tendency to per- 
petuate obsolete or unnecessary functions 
is a common one. Such cases are difficult to 
identify since frequently they involve sev- 
eral people, each partially occupied by the 
unnecessary activity. 

Lack of Plan—One of the chief problems 
in many organizations arises from the simple 
fact that no one has taken the time to step 
back and prepare a balanced design for the 
whole structure. The structure has been 
produced over a period of years as a result 
of many individual changes made on a 
piecemeal basis. Parts have become obso- 
lete; the whole structure may be out of bal- 
ance. Too many committees may have 
evolved, and committees sometimes tend 
to turn into decision-making bodies. 


Two important principles can guide the 
fundamental organization planning process. 
First, any plan must be in terms of struc- 
ture alone, without regard for the individual 
personalities in the organization foday. The 
objective should be to plan the most effec- 
tive structure. This consists of the assign- 
ment of functions to positions, and the es- 
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tablishment of the reporting relationships 
for these positions. 

The second important principle is that 
organization planning is inherently a me- 
thodical process. To improve organization 
structure requires as little compromise as 
possible with the factors of personnel and 
timing. One major limiting factor is the 
availability of qualified people to fill the 
jobs. By foreseeing requirements for specific 
people several years in advance, they can 
be identified and developed to fit the needs. 
Also, frequent opportunities arise to make 
changes in the organization coincide with 
personnel changes due to promotions, etc. An 
organization structure can be modified with 
a minimum of disruption of personnel if 
adequate time is allowed to do the job. On 
the other hand, too fast a change frequently 
runs into problems of morale and confusion, 
because it takes time for changed responsi- 
bilities and working relationships to be 
understood and become effective. Here 
again, going too fast tends to compromise 
the quality of the structure. 

Since an organization is merely an ar- 
rangement of people, a plan cannot be made 
without a concept and attitude towards the 
people who man the positions. People affect 
the organization structure; the organization 
structure affects people. Long-range plans 
should be built on the premise that the 
people who fill the positions will be able, 
imaginative, and worthy of a high degree of 
management faith in their performance. 

The basic attitude about people that af- 
fects organization planning concerns the 
amount of faith top management has in the 
future people who will man positions. Any 
organization planned without a basic faith 
in people will have many checks and bal- 
ances to protect the company from their 
mistakes. People will have little authority 
and their activities will be checked carefully. 

This environment will produce timid and 
overconservative men, many of whom will 
never learn to stand on their own feet and 
take risks, simply because they will never 
be allowed to get into a situation where they 
could make a mistake. 

On the other hand, an organization plan- 
ned on real faith in the integrity, effort, and 
judgment of the people who man it will 
provide a challenge and an opportunity for 
people to use all their talents to the utmost. 
It will stimulate full effort, and develop 
talents, which may be latent, to the fullest 
degree. This vigorous environment will pro- 
duce many well-qualified managers. 
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Five basic steps can be followed in the 
process of planning any organization: 

1. Document the existing organization. This 
process consists of recording the present 
organization, and serves as a foundation for 
the analysis and planning work. In addition, 
many real benefits can be derived from this 
step, because it identifies and clears up the 
gray areas that exist in most organizations. 
This procedure should also include written 
descriptions of the functions and responsi- 
bilities of each supervisor. 

2. Plan an ideal organization; analyze the 
organization problem and develop an ideal 
long-range plan. 

3. Review of organization plan by others, 
preferably at the same or a higher level of 
management in the company, is important. 
This procedure introduces a fresh point of 
view and tends to sharpen the organization 
plan and make it more objective. 

4. Implement the plan; at this stage, work 
toward the approved long-range plan in the 
shaping of the organization. 

5. Continual attention to modification and 
maintenance of the organization. Organiza- 
tion requirements change with time and 
continual attention is essential, so that both 
the actual organization and the long-range 
plan reflect today’s conditions. For this 
reason, a certain amount of maintenance 
work is necessary. 
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Several pitfalls can be avoided in this 
planning process. If the organization plan- 
ning process is not done in a thorough 
manner, the resulting structure will not be 
a good one. A manager should personally 
devote adequate time and effort to this job. 
Careful, patient analysis is required, in- 
cluding going into detail on the functions 
assigned to each supervisor. For this reason, 
high standards should be set on the quality 
of the organization planning work done. In 
addition, this analysis must be done in very 
specific terms. The organization thinking 
can be no better than the basic facts that 
are used as a foundation. If the basic facts 
about the functions performed by each posi- 
tion are not complete and specific, and most 
important, conform to the functions re- 
quired to be performed, all of the planning 
will be fuzzy and of little value. 

However, despite any difficulties that 
may be encountered, thorough organization 
planning is an extremely worthwhile pro- 
cess, and produces many rewarding results. 











When responsibility is divided between two or 
more people, friction and lost motion result. ... 


A typical problem is the tendency to perpetuate 


obsolete functions. ... 
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Of the essential working components of a transformer— 
windings, magnetic core, and insulation—only the insulation 
is subject to deterioration in normal operation. For this 
reason, much effort is devoted to finding methods of slowing 
down insulation deterioration. One approach, of course, is to 
improve the insulation itself. But equally important is the 
attempt to curb effects that contribute to deterioration. 

Insulation deterioration is due to the effects of tempera- 
ture, oxidation, and moisture on the insulation in general, 
and particularly on the transformer oil. When transformer oil 
oxidizes because of the effects of heat and exposure to oxygen 
and moisture, a number of harmful effects result. The organic 
acids formed attack and embrittle the cellulose insulation of 
the windings, thereby reducing its mechanical and dielectric 
strength. The ability of the oil to emulsify with water is in- 
creased, and any moisture is carried with the oil into the 


coils instead of separating out and settling to the bottom of 
the tank where it is least harmful. When the acidity reaches 
0.5 milligrams of KOH (potassium hydroxide), the oil begins 
to sludge. This sludge collects on the coil surfaces and in- 
creases their temperature rise. In some old transformers with 
inadequate oil protection, sludge could completely close the 
ventilating ducts placed in the winding for cooling. 

Attempts to slow down insulation deterioration have re- 
sulted in many different transformer designs. The schematic 
diagrams on these pages show the principal results of these 
efforts. Many transformers are still in service using even the 
most primitive of these schemes. 


In all oil-protection schemes the phenomenon of breathing 
must either be put to use or rendered harmless. Transformers 











are immersed in oil to provide an insulating and cooling 
medium. Under load, the transformer losses heat the oil and 
it expands in volume. The transformer tank must provide 
space to contain the increase in oil volume. The simple way 
is to provide a gas space over the top of the oil, vented to the 
outside air. As the oil heats, it expands into the gas space and 
forces some of the gas out of the tank; then as the oil cools 
and contracts, air is drawn in from outside. The opening 
through which the gas space is vented is called an open air 
breather. It protects the tank against excess pressures but does 
not protect the oil against oxidation. Such breathers are 
directed and screened to keep out dirt and to prevent direct 
entry of rain water. 
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A single breather permits the entrance of moisture in the 
air, which can then condense in the gas space. With two such 
breathers, cross ventilation reduces the amount of condensa- 
tion. If the air is first drawn through a dehydrating agent, 
such as silica jel, a breather can, if properly maintained, pre- 
vent the entry of moisture from the outside air. Silica jel 
usually is treated so that it changes color when saturated 
with water. Heating to drive out the moisture reactivates the 
material. However, simple breathers do nothing to protect oil 
against oxidation. 


, 
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An oil expansion tank is an auxiliary tank located above, 
and piped to the main transformer tank. The main tank is 
completely filled with oil even when idle in a winter ambient 
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temperature. As the oil heats and expands, it flows into the 
auxiliary tank. 

The expansion tank protects oil from oxidation by reducing 
the area of oil surface in contact with air (diagram D). Also 
the contact surface is at a somewhat lower temperature. 
Both of these effects are in the right direction, but the device 
has the disadvantages of adding to the transformer dimensions 
and placing oil at a positive pressure against any gasketed 
cover openings. It also eliminates the cushioning effect of the 
gas space in case of a primary arc in the transformer, and as 
a result a split tank or a blown gasket is more likely to result. 
With a tank failure, secondary explosions and fires can result 
with the oil in the expansion tank as a source of fuel. 

Oil protection efficiency of the expansion tank can be con- 
siderably increased by adding a heat trap in the connection 
from the main tank, and by using a dehydrating breather on 
the expansion tank. A simple heat trap largely eliminates the 
circulation of oil between the transformer tank and the ex- 
pansion tank. Tests have shown that with a top oil rise of 45 
degrees C in the main tank, the oil in the expansion tank will 
have a rise of only 10 to 15 degrees C. This means that the 
oil surface in contact with oxygen is relatively at rest and at 
a low temperature. Under these conditions, it has been shown 
that oxidation is much slower. Also. the dehydrating breather 
keeps outside moisture from the oil. The other defects of the 
expansion tank are not eliminated. 

A further improvement of the expansion tank is the gas-oil 
seal. Here, the main tank has a gas space and the auxiliary or 
expansion tank is divided into two parts. When the oil in the 
transformer tank heats and expands, air or nitrogen is forced 
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from the main tank into the inner compartment of the auxiliary 
tank. At the same time, oil from the inner compartment is 
forced into the outer compartment. Not until all the oil is 
forced to the outer compartment is any gas from the trans- 
former vented to the outer air. Also, when the transformer 
oil is cooled, all oil in the expansion chamber must be forced 
into the inner chamber before any external air enters the 
transformer gas space. 

A gas-oil seal is one of two recognized ASA standards 
(C57.12, Standards for Power Transformers). These require 
that the size of the auxiliary tank be such that no exchange 
of gas between the gas space and outside air takes place for 
a range of top oil temperature from —5 to 95 degrees C. By 
blowing out the transformer with nitrogen, or by allowing the 
small amount of oxygen originally in the gas space to be dis- 
solved into the oil, the amount of oxygen in contact with the 
transformer oil is considerably restricted. Oxygen can enter 
the main tank only by diffusion through the oil in the auxiliary 
tank. The device can be made to work over a low pressure 
range, and it gives the benefits of a gas space in the main 
tank. It requires an auxiliary tank or compartment, and pip- 
ing between parts of the auxiliary tank, and between the 
auxiliary and main tanks. 


Inertaire—A transformer protected by Inertaire is equipped 
with a standard high-pressure cylinder of dry nitrogen gas, 
which is connected to the transformer gas space through a 
pressure-reducing valve. The equipment includes a breathing 
regulator that allows nitrogen to enter at a low pressure of 
V4 to 14 pound per square inch, but requires an internal pres- 
sure of 5 psi before nitrogen is exhausted to the outside air 
and wasted. 

This is the best oil protection scheme yet devised in that it 
completely excludes both oxygen and moisture from contact 
with the transformer oil. Some external apparatus is required, 
as well as piping into the transformer and occasional replace- 
ment of the nitrogen cylinder. However, it is the first pro- 
tection scheme involving a sealed transformer in the sense 
that both the oxygen and moisture of the external atmosphere 
are completely excluded from the transformer. 

Sealed Tank or Sealedaire Oil Protection—A Sealedaire trans- 
former has a completely sealed tank with no provision for 
breathing. The gas space must be large enough to limit the 
pressure due to oil expansion and the tank must be braced for 
the resultant pressures. Before sealing, the gas space can be 
blown out with dry nitrogen, or filled with air, and the oil in 
the transformer will remove the small amount of oxygen from 
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the gas space after a few weeks of operation. This is the only 
protection scheme that is sealed in the sense that the gas 
space is neither exhausted nor replenished with gas during 
normal operation of the transformer. 

Sealed-tank oil protection is the second of two standards 
recognized by the ASA standards. The standards require two 
pressure-limiting valves and a pressure-vacuum gauge. The 
limiting valves are set to limit the maximum external and 
internal pressures to a safe value. The standards also require 
that these valves do not operate between top oil temperature 
limits of —5 to 95 degrees C. The maximum setting must not 
exceed 10 psi and the tank must be tested at a pressure 25 
percent higher than the valve settings. In practice a gas space 
equal in volume to 11 percent of the oil volume and valve 
settings of 6.5 psi are used to eliminate operation of the valves 
under normal operating conditions. 


Since May 1943, several small transformers using power- 
transformer coil construction have been in service under a 
severe load cycle to test the efficiency of various methods of 
oil protection. A report on these transformers was made after 
about 11 years. Judged on a composite rating taking into 
account the oil power factor, color, acidity, voltage break- 
down, and interfacial tension, at the end of the test period the 
protection schemes ranked as shown in Table I. This data 


rFARLE I 
Sample Oil Property 
Protective Rank | Acidity-Neutralization 
Device an Number 

Milligrams of KOH 
Inertaire | 1 .09 
| Sealedaire | 2 11 
Gas-Oil Seal 3 .26 
Expansion Tank 4 .93 
Open Breather 5 2.75 


shows that both Sealedaire or Inertaire transformers are 
both far more effective than any of the other protective 
schemes in preventing oil oxidation and limiting oil acidity. 
Use of Sealedaire oil protection results in a simple construc- 
tion requiring little maintenance. No external piping, auxiliary 
oil tanks, or gas cylinders are required, and this eliminates 
the chance for leaks around threaded or gasketed connections. 
Elimination of these auxiliaries also reduces overall trans- 
former dimensions. Since the protection provided depends on 
a tight tank, this has led to the development of welded covers 
and the elimination of gaskets. All indications now point to 
the continuation of this trend toward the complete elimination 
of gaskets, with welded bushings and hand-hole covers. 
Sealed transformers have a gas space over the surface of the 
oil. If trouble occurs inside the transformer tank and high- 
energy arcing occurs, the gas acts as a cushion to give relief 
devices time to operate and protect the tank against rupture. 
The range of operating pressures in transformers protected 
by Sealedaire is wider than for other types of protection. If 
the pressure is calculated considering only the oil expansion 
and gas temperature, using the gas laws, the result is much 
higher than ever occurs in service. Gas solubility and tank- 
wall deflections are the major factors in limiting internal 
pressure. A gas volume equal to 11 percent of the oil volume, 
and relief valves set at 614 psi meet the ASA requirements of 
no breathing over a 100-degree range of top oil temperature. 
Because of this range of operating pressure, minimum stand- 
ards for tank bracing have been raised. 
At one time objections to sealed transformers were raised 
because they might operate at a partial vacuum and, in case of 
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leaks, it was believed that moisture could be drawn into the 
transformer. Actually the existence of a vacuum and a leak at 
the same time is not a compatible condition. The fact that a 
loaded transformer has a negative pressure is not a cause for 
alarm, but can be expected under certain perfectly normal 
conditions. As long as the gauge shows either a vacuum or a 
positive pressure a healthy transformer is indicated. If the 
gauge stays constantly at or near zero pressure, then a gas 
leak should be suspected. With either positive or negative 
readings of as much as one pound per square inch, a leak is 
theoretically possible, but very unlikely. Ambient tempera- 
ture changes are usually slow, and so are load changes. Even 
with abrupt load changes, power transformers have time con- 
stants of from 3 to 20 hours, and heat slowly. Under such 
conditions, a leak must be very slow indeed to permit building 
up a negative pressure in the transformer. 


refinements in oil protection in sealed transformers 


Inhibited Oil—One method of .imiting oil oxidation is the 
use of inhibitors. A number of chemicals are known that, 
based on laboratory tests, extend by two to three times the 
period required to reach a given limit of acidity or sludge 
content. The chemicals used do not have an adverse effect on 
the electrical properties of the oil. One drawback is that they 
do not provide any benefit when oil is used in circuit breakers. 
This means that either the user has to provide separate storage 
facilities for oil used in transformers and breakers, or the ccst 
of the breaker must be increased without any benefit in per- 
formance. As a result the use of inhibited oil is largely re- 
stricted to pole-top distribution transformers. 

Thermosi phon Oil Conditioner—The electrical properties of 
deteriorated transformer oil can be restored by pumping it 
through alumina, fullers earth, or activated clay. A container 

































of activated clay can be mounted on the transformer and 
piped at the top into the hot oil and at the bottom into the 
cold oil in the transformer tank. The same thermosiphon ac- 
tion that circulates the oil through radiators then circulates it 
through the clay. 

When a thermosiphon filter is used in conjunction with a 
good oil protection scheme, such as Sealedaire, the oil can be 
kept in essentially new condition. A filter containing 75 
pounds of clay per 1000 gallons of oil has a life of from 5 to 15 
years depending on the load cycle. 

Insuldur—When cellulose insulation is heated, even in the 
absence of oxygen and moisture, a thermal degradation of the 
insulation occurs. The amount of degradation is a time-tem- 
perature function. One property commonly used to evaluate 
this effect is the tensile strength of the material, which de- 
creases as it is exposed to elevated temperatures for any 
period of time. In the presence of small concentrations of 
certain amine compounds the time-temperature deterioration 
of cellulose insulation, as shown by its loss of tensile strength, 
is greatly retarded. As an example, at a temperature of 135 
degrees C, an 80 percent decrease in tensile strength takes 16 
times as long. 

The Insuldur system, which combines a compatible insula- 
tion with suitable amine compounds in the oil and cellulose 
insulation, gives protection against thermal deterioration. 


’ ° 
CONCIHSION 


As is true in the development of many machines, the evolu- 
tion of devices for protecting transformer oil from moisture 
and oxidation has gone through a complete cycle from simple 
and inefficient, to complicated and efficient, back to a simple 
but effective design. In a modern Sealedaire power trans- 
former, oil is maintained in excellent condition for years. ® 














BREATHERS EXPANSION TANKS 
Oil 
Protection 
Effective- 8 7 6 4 3 2 1 
ness—Rank 
Reduces oil Oxygen ex- 
Reduces 
Oxygen : surface and posure only Nearly 
Protection None None None aiaiien its temper- by diffusion complete | Complete 
ature through oil 
Reduces Good Good if de- Moisture ex- 
Moisture : F F osure onl 
None condensation if Poor hydrator is posu Spd Complete | Complete 
Protection in air space maintained maintained by diffusion . 
through oil 
Effect on Adds Adds Adds Add 
Weight & None None None con- con- con- None iethe. 
Dimensions siderable siderable siderable — 
Gas 
Cushion Pro- 
tection Yes Yes Yes No No Yes Yes Yes 
Against Tank 
Rupture 
Maint Must k bet werden 
jaintenance ust keep ehydrator Periodic Periodic Must kee 
of Clean Clean dehydrator — in active check for checks up 
Protective screens screens in active oil leaks condition gas and oil for nitrogen 
Device condition ag leaks gas leaks supply 
oil leaks 
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The accuracy required by modern technology, especially 
in the fields of gas turbines and atomic power, has forced 
machine-tool builders to greatly extend the accuracy of their 
machines. However a machine tool, whether it be a huge mill- 
ing machine or a miniature lathe, is only as accurate as the 
measuring device that controls it. Lead screws and other con- 
ventional measuring controls cannot give the machine tool 
the accuracy required for these new rigid specifications. 

Many new measuring devices have been developed in 
response to the machine builder’s demand for a precise meas- 
uring instrument that can take the punishment of industrial 
use. The Nultrax transducer is one such device. While its 
immediate application lies in the machine tool and gauging 
industries, it can be applied wherever extreme accuracy of 
measurement or control of motion is required. 













The two fundamental requirements of a basic machine tool 
are a part to hold the tool and a part to hold the work. These 
static requirements must be augmented by power to move 
either the tool, as in a shaper, or the work, as in a milling 
machine. In addition, a control element is required to posi- 
tion the work relative to the tool so that the cutting action is 
properly controlled in direction and degree. Control is applied 
along the principal axes of the machine, namely the x, y, and 
s coordinates, with x and y by convention lying in the 
horizontal plane. The majority of machines require control in 
two coordinates, for example in a vertical drill, where the 
work is positioned in the horizontal plane and the drill 













operates along a fixed vertical axis. 

The next factor to consider is the control of the degree of 
motion. In practice, linear positioning is usually obtained by 
driving the machine table with a lead screw. Alternative 
methods are pneumatic and hydraulic rams and rack-and- 







pinion systems where great lengths are involved. 

The lead screw is limited as a measuring element due to the 
difficulty of machining the deep buttress threads with perfect 
accuracy over every part of every turn, to the wear it is sub- 
jected to in normal use as a load carrying member of the 







machine, and to the minor variables such as backlash and 
compressibility of the oil film, which alone can be responsible 






for variations up to 0.002 inch. 

An independent measuring scale is an improvement in pre- 
cision. In this method, a precision scale fixed to the machine 
bed is viewed by an optical device clamped to the machine 
table. This is capable of high accuracy, but errors in inter- 
pretation can be made and skill is required of the operator. 

These factors have led to the concept of numerical control. 
Machine control by numerical information can be achieved in 
two ways. The read-oul system uses a device on the machine 
to give a continuous visual indication of the actual position 
of the table from a given datum. In the read-in system, the 
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desired coordinates are fed to the machine in numerical form. 
The simplest application of the read-in system is where the 
desired position is set up on numbered switches and the table 
manually moved until a null or zero reading is obtained on a 
center-zero instrument. In a complex version of this concept, 
automatic positioning of the table is obtained by the use of 
a servomechanism controlled from an encoded paper tape. 
Such automatic positioning systems use the basic concept-of 
feedback theory. 

The system shown in Fig. 1 utilizes the difference in phase 
and amplitude between two a-c signals. One signal is initiated 
in the command unit, e.g., a paper-tape reader, and the other 
signal, corresponding to the actual table position, is generated 
by the position-data element. These two signals are compared 
in the subtracting element, and if command and actual posi- 
tions are coincident, the difference between the signals is 
zero. A power amplifier delivers power to a motor in propor- 
tion to its signal input. When this signal is zero, it results in 
zero output to the motor and hence zero motion. In all other 
cases there is a difference between the signals from the two 
sources which, after amplification, makes the motor drive the 
table in the appropriate direction (as determined by the 
phase) to restore coincidence. 

When translating a physical quantity, such as a table posi- 
tion, into its electrical equivalent, two approaches can be 
made. The analog approach is to make the electrical quantity 
proportional to the physical quantity; thus 1 inch becomes 
2 volts, and 1.25 inch becomes 2.5 volts. In the digital ap- 
proach, the decimal representation of the physical quantity 
can be converted to a radix of 2, and binary notation used to 
convert discrete electrical quantities by the on or off condition 
of a fixed potential. Where discrete figures have to be en- 
coded, such as in punched-tape programming, the digital 
technique is superior; in other uses the analog approach is 
favored since ultimately all measurement is analog in nature. 
In any system, the point where the conversion from digital to 
analog, or vice versa, takes place can significantly affect the 
overall simplicity and effectiveness of the system. 

Command signals, in analog form, can be fed into the 
system by the rotation of a calibrated potentiometer, the use 
of decade switches, the use of punched cards or magnetic tape, 
and others. When punched tape is used, the data is taken off 
the tape by a reader and stored in a shift register. Conversion 
equipment translates the register code into a signal for com- 
parison with the position element. 

A machine cannot be controlled precisely unless the posi- 
tion of the table at any instant can be measured even more 
precisely. The position-measuring element has long been a 
bottleneck in the technique of precise machine control. 
Measurements made by human operators with optical devices 
are outside the limits of today’s close tolerances. Electrical 
signals, obtained by coupling a device to the lead screw of the 





























































































Fig. 2a—The Nultrax transducer consists of a primary and a secondary bifilar coil. 
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Fig. 3 top The output voltage of the secondary is a func- 
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point is made by aligning a null with a datum line on the 
table. bottom--By rotating the primary, a null can be 


placed over the desired position of the table. 


machine, limit the practical precision to 0.001 inch over short 
distances. However, the advent of linear position transducers 
has made possible accuracies in the 0.00001 inch range. 


The Nultrax transducer is basically a helical differential 
transformer, and thus by nature a repeating instrument, Fig. 
2a. The primary unit consists of a long steel bar in which two 
V-grooves are cut in the form of a two-start thread. These 
grooves hold the primary winding. The two wires of the 
primary are joined at one end and connected to sliprings or 
terminals at the other end of the bar. Thus a long bifilar coil 
is produced. The secondary winding is also a bifilar coil, 
usually wound with the same pitch and lead as the primary 
and located on the inside of a steel sleeve. 

Nultrax transducers are usually energized through the 
primary element by an a-c source. Due to its bifilar construc- 
tion, no major field is generated inside the coil. However, each 
individual wire is surrounded by a fringe field. When the 
secondary element is positioned so its winding lines up with 
the primary as in Fig. 2b, the turns of the secondary element 
are magnetically coupled through the fringe fields of the cor- 
responding primary turns. A voltage (E) then appears at the 
secondary terminals. If the secondary is moved a distance 
equal to one half the pitch of the windings (Fig. 2c), each turn 
of the secondary is then equidistant to two primary turns that 
carry equal and opposite currents. Hence the induced signals 
cancel out, and no voltage appears on the secondary termi- 
nals. If the sleeve is moved in the same direction, the induced 
voltage rises again to a maximum, but the a-c signal is now 
in the opposite phase. Thus the output from the transducer is a 
periodic function of the relative position between the two 
coils. This function in symmetrical transducers of relatively 
small lead (up to 0.2 inch) closely resembles a sine function. 
Its period is equal to the lead of the transducer coils. Around 
the zero points or nulls of this function, the transducer op- 
erates as a differential transformer giving a phase sensitive 
output that, after amplification, is suitable for controlling a 
servomotor. Such an arrangement is shown in Fig. 3. 

This system can be connected so that if the servo loop cir- 
cuit is closed when the output of the secondary coil (Fig. 3) 
is within one half the lead distance of A. (on either side of 
the null point, A.), the servomotor drives the pick-off coil 
until there is a null signal from the coil; signals of the refer- 
ence phase (0 degree) make the servomotor drive the coil to 
the left, and signals of the opposite phase (180 degree) make 
the servomotor drive the coil to the right. The pick-off coil 
can be similarly zeroed in on any of the other null points, 
As, Ay... Angi, providing the servo loop circuit is closed 
when the signal from the pick-off coil is within half the lead 
distance from the null point. The null points, B:, Be .... 
B,,41,are points of unstable equilibrium and can be ignored. 
If one of the null points is made to coincide with a datum 
line on the machine table, this serves as a reference line from 
which all measurements can be taken. The table can then be 
positioned in discrete steps equal to the lead of the trans- 
ducer coil. But because of the helical construction of the 
transducer, it is possible to shift the null positions by rotating 
the transducer primary (or secondary). One full revolution of 
the primary, in this case, displaces the nulls by a distance 
equal to the lead of the coils. A fraction of a revolution cor- 
responds to the same fraction of the lead. As it is a relatively 
simple matter to measure rotation as small as 1/1000 of a 
revolution, displacements of 0.0001 inch can conveniently be 
measured with a transducer of 0.1 inch lead. 

















If the desired displacement of the table corresponds to 3.5 
null positions (in this case where the lead is 0.1 inch, a dis- 
placement of 0.35 inch) the primary bar is rotated one half a 
revolution. This places a null at the desired position of the 
table. A coarse positioning system also zeroed in on the datum 
line, such as a data element attached to the lead screw, brings 
the table to within one half of the lead distance from the null 
position. If the Nultrax servo loop is then closed, the servo- 
motor drives the table until the null is reached. 





Two basic Nultrax systems, for read-in and read-out of 
position, form the principal types underlying all practical 
Nultrax applications. In the read-in system described above, 
the transducer position is set first and the table is made to 
follow it with the aid of a servo system operating on the 
transducer signal. Read-out systems or measuring systems 
use the same number of components to indicate the position 
of the slide with a servo driven Nultrax transducer on which 
a graduated dial or other read-out mechanism is mounted. 

Read-In System—In the read-in system of Fig. 4, the de- 
sired displacement from a datum line on the table is dialed on 
the command unit with voltage potentiometers (calibrated in 
inches). Both the coarse data element and the nulls of the 
transducer must be zeroed in on the datum line. If the desired 
position of the table is a number of multiples, plus a fraction 
of the lead distance, the primary bar must be rotated through 
a corresponding fraction of a revolution, placing a null point 
over the desired position of the table. The table servo drive is 
energized through an electronic coarse-fine switch. The switch 
is controlled by the difference signal between the command 
unit and the coarse data element; as long as this signal repre- 
sents a displacement larger than half the lead of the trans- 
ducer, it controls the table servo. As soon as the signal falls 
below this level, the table servo drive is switched to and con- 
trolled by the Nultrax output signal. The servo drive then 
moves the table until the null signal is reached. 

Read-Out System—Read-out may be accomplished by the 
use of data elements geared to the Nultrax shaft and the lead 
screw. The unit shown in Fig. 5 uses digitizers, which consist 
of geared switches arranged in a pure decimal mode. The con- 
tacts can operate immediately into decimally arranged lamp 
banks, or in-line read-out indicators. A standard teletype data 
printer can also be connected. 

The command units controlling Nultrax position systems 
can be either manual or automatic. In standard Nultrax sys- 
tems, an extra control is usually available to adjust the refer- 
ence position or datum line of the machine within a range of 
an inch. This is a valuable aid in setting up machine opera- 
tions as the work does not have to be accurately placed on the 
table with respect to the datum line. 

Automatic command units use a memory unit to store the 
data for a sequence of machine operations. In addition to 
positioning, other machine functions such as feeds, speeds, 
and coolant switching have to be controlled simultaneously. 
Punched or magnetic tape readers, card readers, or similar 
storage units are most suitable for this purpose. But for exist- 
ing applications, punched tape readers of the standard tele- 
type design have proved to be most convenient. Tapes are 
usually prepared by an automatic typewriter with a standard 
decimally and alphabetically coded keyboard. Both a tape 
punch and a tape reader are part of this unit which simultane- 
ously supplies a typed record and a corresponding punched 
tape. The tape-reading facility is useful for the reproduction 
of extra copies of either tape or printed record. 








As a single line of holes in teletype tape cannot contain 
enough information for one machine command, registers are 
required to store the data of as many lines in the tape as is 
necessary to present one command. Static devices are now 
being used in all controls as elements of these registers. In- 
formation from the control tape is stored in these registers in 
the binary-decimal code. In the digital-to-analog converter, 
the code is translated into pure analog voltages obtained from 
a toroidal transformer that also supplies the data elements. 


Nultrax transducers are based on electromagnetic coupling, 
a process that does not exhibit phenomena similar to back- 
lash. Wear is not a problem, since the wires are embedded 
well under the smooth outer surface of the units. Since a 
small clearance exists between the primary and secondary, 
usually in the order of 0.003 inch to 0.010 inch, eccentricity 
may occur. However, this has no effect on the position of the 
nulls since they lie in a plane perpendicular to the transducer 
axis. 

The temperature coefficient of the transducer is equal to 
that of the steel bar that forms the body of the primary ele- 
ment. Invar can be used, or if this material still has too large 
a coefficient of expansion, a special zero-expansion ceramic 
body can be used. But, temperature variations in precision 
machines must be avoided since the work is usually affected 
more than the transducer. 

The major source of error in Nultrax transducers is in the 
lead of the primary winding. Lead errors in the secondary do 
not affect accuracy, as in every position of the coil each of the 
turns is engaged in an identical manner. A zero signal is ob- 
tained on the secondary terminals only if the sum of the con- 
tributing signals of each turn is zero. Hence, a local error in 
one of the contributing turns of the primary causes the null to 
shift to a new position, but the other turns of the secondary 
contribute a total signal that cancels this error signal. With a 
100 turn secondary, a local error in one full turn of as much as 
0.001 inch is reduced by a factor of 100 to the negligible value 
of 0.000010 inch. This averaging effect is the most valuable 
property of the Nultrax transducer. Lead errors between 
widely spaced parts of the transducer are not eliminated. 
However, they are held within acceptable limits through pre- 
cision machining of the spiral grooves. 

Nultrax transducers have all the desirable qualities a 
measuring device should have, such as accuracies up to one 
part in 400 000, repeatability up to 10 microinches, resolution 
better than one part in 5 000 000, no backlash, and accuracy 
that is not affected by mechanical wear. 


Nultrax transducers were first used to level the horizontal 
rail of a large Ingersoll milling and boring machine, Fig. .6. 
The horizontal rail is supported on two columns with vertical 
lead screws driven through a common drive. One of the two 
nuts that engages the lead screws is supported in bearings and 
can be rotated with a gear motor operated by a jogging con- 
trol. In this way, one side of the rail may be raised or lowered 
to level the horizontal rail of the milling machine. 

An indication of levelness is obtained from the Nultrax con- 
trol. The null meter indicates the sense and magnitude of the 
deviation from level in its range of + 0.002 inch (or more if 
necessary). In this case, the Nultrax primary bar is stationary 
and the pick-off coils are rotated. The pick-off coils are sup- 
ported in bearings in gear boxes, mounted on either side of 
the rail. Rotation of the pick-offs is measured by synchros. 
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The difference in rotation is shown by the null-meter. Since 
the deviation from level will never be as large as the lead of 
the transducer, a separate coarse system is not required. The 
accuracy of this system is within + 0.0005 inch in its full 
range of 12 feet. Repeatability proved to be 0.00005 inch. 

The second Nultrax application provides two-coordinate 
table position control for a six-spindle turret drill. In this ap- 
plication (Fig. 7), two Nultrax transducers are used. The 
pick-off coil of one moves in the x coordinate with the table, 
and the second in the y coordinate. Two methods of operation 
are provided: manual and programmed automatic control. In 
manual operation, the desired coordinates are set up by the 
operator on decade switches on a control panel. In automatic 
operation, a tape reader supplies information from a punched 
tape to a shift register to control the selection of voltages 
from computing transformers. These voltages are fed to coarse 
and fine servos in each of the coordinates. The coarse signal 
feeds directly to the table-positioning servo and drives the 
table towards its final position. The fine signal feeds the a- 
servo which rotates the Nultrax transducer for fine position- 
ing of the table. When the table comes within 0.040 inch of 
its final position, a coarse-fine switch disconnects the coarse 
signal from the servo input and connects the signal from the 
Nultrax pick-off. Maximum table traverse speed is 330 inches 
per minute and the overall accuracy of the system is 0.0003 
inch in each coordinate. 

In its third application, the Nultrax positioning system is 
used to control a movable drilling head over a fixed bed. 
Movement of the head is controllable over distances of 40 feet 
in the longitudinal direction and 30 inches in a transverse 
direction. The application is a read-in system which can be 
operated either manually or automatically. 
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Two sets of decade switches (calibrated in inches) are pro- 
vided for manual operation. When set to the desired coordi- 
nates, these switches operate mercury-wetted contact-type 
relays in a shift register to produce the reference or command 
voltage. The position signal from the head is compared with 
this reference voltage, and the difference voltage is used to 
restore coincidence. 

When used in the automatic programmed mode, informa- 
tion from a prepared tape is accepted by, and stored in, the 
transistor shift register. A logic circuit then selects either a 
fast or slow traverse speed according to the distance the 
head has to move. Fast and slow commands are initiated 
automatically to bring the head to the desired point. 

In this installation, information concerning the hole num- 
ber and hole size is visually displayed in numerical form on a 
read-out display unit. 

Nultrax transducers can be used on the toughest jobs, such 
as measuring the deflection of test models in supersonic wind 
tunnels, or measuring the nozzle opening of the wind tunnel 
itself. In contrast, they can be used to indicate slide displace- 
ments in measuring microscopes or object control in electron 
microscopes. Here environment is not a problem, but accuracy 
is extremely important. Nultrax transducers are especially 
adaptable to measurements in radioactive areas, such as posi- 
tioning nuclear control rods or level measurements in heavy 
water containers. They can be remotely operated, and their 
reliability and freedom from wear insures that they will not 
have to be replaced—a costly operation in contaminated 
areas. In other important areas, Nultrax can be applied to a 
wide variety of jobs—cartography, precision printing-press 
registers, flying micrometers, and automatic manipulating 
machines in semiconductor assembly —to name a few. . 








PERSONALITY PROFILES 


HOGWOOD attended the University of 
Texas for two semesters before joining the Navy 
in 1946. He acquired a taste for electrical engi- 
neering at the Navy’s Electronic Technicians’ 
School. After donning his civies in 1948, he re- 
turned to the University of Texas, graduating 
with a BSEE in 1952. 

After graduation, Hogwood joined Westing- 
house on the Graduate Student Course, and 
eventually settled down in the mining, petroleum, 
and chemical section of Industry Engineering in 
1953. Here he has concentrated on the applica- 
tion of electrical equipment to diesel-electric 
drilling rigs, oil production, and pipelines. Hog- 
wood is a member of the AIEE and past secre- 
tary of the Petroleum Industry Committee. He 
has written several articles for the AIEE and oil 
industry journals, and is now working with Howell 
on a manual covering the application of electrical 
equipment to oil-well pumping. 

K. HOWELLS interest in electrical engineer- 
ing also started in the Navy. In 1943 he attended 
the Navy Officers’ V-12 Training Program, and 
was sent to Kansas State Teachers College and 
Southern Methodist University. He graduated 
from SMU in 1946 with a BS in electrical 
power. 

Howell came directly to Westinghouse on the 
Graduate Student Course. He decided on the 
Engineering and Service Department, and after a 
training period was sent to St. Louis as a utility 
engineer. In 1950 he worked as a Westinghouse 
technical representative supervising electrical 
maintenance of the B-36 airplane at Carswell 
Air Force Base, Fort Worth, Texas. A year later 
he transferred to the Dallas office to work with 
utility, industrial, and aviation industries. In 
1954, he returned to St. Louis as regional engi- 
neering supervisor, and was made regional engi- 
neering manager in 1957. In addition to being a 
veteran author, he presents about 15 talks a year 
te technical societies and engineering groups. 


ART L. FORSYTH joined Westinghouse in 
1941 as a staff member of the New Products Divi- 
sion. A short time later, with World War II de- 
veloping rapidly, he was selected as one of the 
four original members of the Emergency Prod- 
ucts Division, which was organized to gear West- 
inghouse facilities to government requirements. 
New ideas and new products—both military and 
nonmilitary—poured through this division. Near 
the war’s end, one of Forsyth’s assignments was 
the study of electric heating and its potentialities. 
This study was the basis for management’s deci- 
sion to add electric heating to the Westinghouse 
product line. Electric heating headquarters was 
established at Emeryville, California in 1945 and 
Forsyth was appointed manager, with responsi- 
bility for developing and introducing the new 
line. Under his supervision, production tech- 
niques, manufacturing facilities, and distribution 
channels were established. Forsy th’s efforts, par- 
ticularly in educational and training programs 
have gained him national recognition as an 


authority on electric heating. He is presently 
manager of the electric heating department, re- 
cently moved to Staunton, Virginia. 

Forsyth graduated from the University of 
Michigan in 1931 with a BSME and took gradu- 
ate work at the University of Rochester. 

When not busy promoting electric heating, 
Forsyth is an enthusiastic week-end gardener, 
builder and general ‘‘do-it-yourselfer.” 


The last time that HN K. HODNETTE ap- 
peared on these pages was in 1944, when he au- 
thored an article on air-cooled transformers. A 
lot has happened to Hodnette since that time. 
In 1944, he was engineering manager of the 
Transformer Division; now he is the executive 
vice president of Westinghouse. But even this 
transition doesn’t half tell the story. Two years 
after he wrote his last article for us, he moved up 
to division manager. In 1948, he was elected a 
vice president. In 1949, he became general man- 
ager of the industrial products group of Westing- 
house; in 1952, he became general manager of 
the apparatus products group. In 1955, he be- 
came general manager and chief operating officer 
of the entire Corporation, and a member of the 
board of directors. In 1957, he became executive 
vice president. 

Impressive as it is, however, this rapid progress 
hardly tells the whole story of John Hodnette. 
For Hodnette has an impressive engineering 
background to go with his management career. 
As a transformer engineer he won wide recogni- 
tion for his design improvements. To Hodnette 
goes the principal credit for the completely self- 
protecting (CSP) transformer and many other 
technical achievements. One indication of his 
inventive ability is his 32 patents. 

Another indication of Hodnette’s capabilities 
as an engineer and as a manager was the Edison 
Medal awarded to him for 1957. One of engineer- 
ing’s coveted awards, the medal was presented 
“for his significant contributions to the electrical 
industry through creative design and develop- 
ment of transformer apparatus which marked 
new advances in protection, performance, and 
service. For his vision, judgement and manage- 
ment skill which fostered and achieved the prac- 
tical application of his ideas with resulting ad- 
vancements in the electrical industry.” 

A native of Alabama, Hodnette graduated 
from Alabama Polytechnic Institute in 1922 asa 
mechanical engineer. He joined the Company the 
following year, and in 1926 was assigned to trans- 
former engineering. 

To relate all of the achievements and honors of 
John Hodnette since that time would more than 
fill this page. The examples here, however, give 
an indication of their extent. 


By coincidence, both John Hodnette and E. w 

N last appeared in these pages in Novem- 

ber 1944, when each wrote about different aspects 
of air-cooled transformers. Tipton is .n electrical 
engineering graduate of the University of Kansas, 


class of 1925. He “‘jumped the gun” by going 


through part of the Graduate Student Course at 
Westinghouse between his junior and senior years 
in college. Once graduated, he came right back 
and completed the course. He then moved on to 
the Transformer Division, where he has been 
wrapped up in the development of power trans- 
formers ever since. Tipton is currently manager 
of the development section that works on trans- 
formers of many varieties—core-form, network, 
dry-type, power center, and power rectifier, 
among others. Tipton is a registered professional 
engineer, and a fellow in the AIEE. 

Tipton’s chief hobby is not unusual; it’s pho- 
tography. However, his subject matter is not 
quite so common. At one time he concentrated 
on wild flowers, which was a natural outgrowth 
of his interest in botany. He amassed several 
hundred color slides in pursuit of this hobby. 
More recently his interest has turned to photo- 
graphing covered bridges, which as Tipton says, 
“T consider to bea relatively harmless aberration, 
although Mrs. Tipton and I have driven a good 
many miles to locate and photograph some 750 
of these old relics.”’ We strongly suspect that just 
finding that many has worn out more than one 
set of tires. 


Collaboration is an old word to \Y and 

of Canadian Westinghouse. 

Ev en though this is their first co-authored article, 

they have joined forces many times before in 

developing industrial control devices, such as the 
Nultrax transducer. 

After a tour of duty with the R.A.F. in the 
Mediterranean, Gray obtained a B.Sc. from 
London University in 1948. He spent the next 
three years in England, designing electronic 
servo systems and high-voltage, high-frequency 
test equipment. 

In 1952 he made the trip across the Atlantic 
to work for Canadian Westinghouse. Here he 
acquired a habit of moving up the ladder every 
two years—section engineer in 1954, to section 
manager in the special products engineering 
department in 1956, to manager of the elec- 
tronic control engineering department in 1958. 
He has participated in the design of antiair- 
craft gun control, antisubmarine detection and 
fire control equipment, and many industrial con- 
trol projects. 

Brouwer started his career in 1943 with a B.A. 
in physics from Utrecht University in Holland, 
and in 1948 he earned a M.A. in physical engi- 
neering from Delft University, Holland. While 
in Europe, Brouwer worked on telephony sys- 
tems, radar development, and fire control. 

He came to Canadian Westinghouse in 1953 as 
head of the radar development group, but soon 
specialized in industrial control engineering. In 
1956 Brouwer became a product development 
engineer in the industrial control group. He was 
promoted to advisory engineer in 1957, and 
now reports directly to Gray in the electronic 
control engineering department. Brouwer has 
submitted 24 patent disclosures to Canadian 
Westinghouse—the Nultrax transducer is one. 








TWO-LEVEL MASER 


Placed in a dewar of liquid helium between the poles of an electromagnet, a new atomic amplifier developed by 
scientists at the Westinghouse Research Laboratories demonstrates its ability to amplify ultra-short radio 
signals. The amplifier, known as a two-level solid-state maser, uses the magnetic energy of electrons in a neu- 
tron-irradiated crystal of quartz (below) to strengthen microwaves, such as those employed in long-range radar. 
Liquid helium in the glass vessel refrigerates the maser to about —452 degrees F (See story p. 147). 





